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TITLE OP THE INVENTION 
INTEGRIN RECEPTOR ANTAGMDNISTS 

5 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present invention is related to U.S. provisional 
applications Serial No. 60/069,910, filed December 17, 1997; 60/083,251, 
filed April 27, 1998; 60/092,588, filed July 13, 1998; 60/079,197, filed March 
10 24, 1998; 60/079,944, filed March 30, 1998; 60/080,397, filed April 2, 1998; 
60/092,624, filed July 13, 1998; and 60/099,948, filed September 11, 1998; 
the contents of each of which are hereby incorporated by reference. 

FIELD OF THE INVENTION 
15 The present invention relates to compounds and derivatives 

thereof, their synthesis, and their use as integrin receptor antagonists. 
More particularly, the compounds of the present invention are 
antagonists of the integrin receptors avp3, avp5, and/or ocvp6 and are 

useful for inhibiting bone reso3rption, treating and preventing 
20 osteoporosis, and inhibiting vascular restenosis, diabetic retinopathy, 
macular degeneration, angiogenesis, atherosclerosis, inflammation, 
wound healing, viral disease, tumor growth, and metastasis. 

BACKGROUND OF THE INVENTION 

25 It is believed that a wide variety of disease states and 

conditions can be mediated by acting on integrin receptors and that 
integrin receptor antagonists represent a useful class of drugs. Integrin 
receptors are heterodimeric transmembrane proteins through which 
cells attach and commimicate with extracellular matrices and other 

30 cells {See S3. Rodan and G.A. Rodan, ""Integrin Function In 

Osteoclasts^ Journal of Endocrinology, Vol. 154, S47- S56 (1997), which is 
incorporated by reference herein in its entirety). 

In one aspect of the present invention, the compounds 
herein are useful for inhibiting bone resorption. Bone resorption is 

35 mediated by the action of cells known as osteoclasts. Osteoclasts are 
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large multinucleated cells of up to about 400 mm in diameter that resorb 
mineralized tissue, chiefly calcium carbonate and caldimi phosphate, 
in vertebrates* Osteoclasts are actively motile cells that migrate along 
the surface of bone, and can bind to bone, secrete necessary acids and 

5 proteases, thereby causing the actual resorption of mineralized tissue 
from the bone. More specijfically, osteoclasts are believed to exist in at 
least two physiological states, namely, the secretory state and the 
migratory or xnotile state. In the secretory state, osteoclasts are flat, 
attach to the bone matrix via a tight attachment zone (sealing zone), 

10 become highly polarized, form a ruffled border, and secrete lysosomal 
enz ymes and protons to resorb bone. The adhesion of osteoclasts to bone 
sur&ces is an important initial step in bone resorption. In the 
migratory or motile state, the osteoclasts migrate across bone matrix 
and do not take part in resorption xmtil they again attach to bone. 

15 Integrins are involved in osteoclast attachment, activation 

and migration. The most abtmdant integrin in osteoclasts, e.g., in rat, 
chicken, mouse and human osteoclasts, is an integrin receptor known 
as avp3, which is thought to interact in bone with matrix proteins that 
contain the RGD sequence. Antibodies to avp3 block bone resorption in 

20 vitro indicating that this integrin plays a key role in the resorptive 

process. There is increasing evidence to suggest that avp3 Ugands can 
be used eflfectively to inhibit osteoclast mediated bone resorption in vivo in 
mammals. 

The current major bone diseases of public concern are 
25 osteoporosis, hypercalcemia of malignancy, osteopenia due to bone 
metastases, periodontal disease, hyperparathyroidism, periartictilar 
erosions in rheumatoid arthritis, Paget's disease, immobilization- 
induced osteopenia, and glucocorticoid-induced osteoporosis. All of 
these conditions are characterized by bone loss, resulting from an 
30 imbalance between bone resorption, i.e. breakdown, and bone formation, 
which continues throughout life at the rate of about 14% per year on the 
average. However, the rate of bone turnover differs from site to site; for 
example, it is higher in the trabecular bone of the vertebrae and the 
alveolar bone in the jaws than in the cortices of the long bones. The 
35 potential for bone loss is directly related to turnover and can amoimt to 
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over 5% per year in vertebrae immediately following menopause, a 
condition which leads to increased fracture risk. 

In the United States, there are currently about 20 million 
people with detectable fractures of the vertebrae due to osteoporosis. In 
5 addition, there are about 250,000 hip fractures per year attributed to 
osteoporosis. This clinical situation is associated with a 12% mortality 
rate within the first two years, while 30% of the patients require nursing 
home care after the fracture. 

Individuals suffering from all the conditions listed above 

10 would benefit from treatment with agents which inhibit bone resorption. 

Additionally, av|33 ligands have been found to be usefiil in 
treating and/or inhibiting restenosis, i.e. recurrence of stenosis after 
corrective surgery on the heart valve, atherosclerosis, diabetic 
retinopathy, macular degeneration, and angiogenesis, i.e. formation of 

15 new blood vessels. Moreover, it has been postulated that the growth of 
tumors depends on an adequate blood supply, which in turn is 
dependent on the growth of new vessels into the timior; thus, inhibition 
of angiogenesis can cause tiunor regression in animal models (See 
Harrison's Principles of Internal Medicine. 12th ed., 1991, which is 

20 incorporated by reference herein in its entirety). Therefore, avpS 

antagonists which inhibit angiogenesis can be useful in the treatment of 
cancer by inhibiting tumor growth (See e.g., Brooks et aL, Cell, 75:1157- 
1164 (1994), which is incorporated by reference herein in its entirety). 
Moreover, compounds of this invention can also inhibit 

25 neovascularization by acting as antagonists of the integrin receptor, 
ocvp5. A monoclonal antibody for avp5 has been shown to inhibit VEGF- 

induced angiogenesis in rabbit cornea and the chick chorioallantoic 
membrane model (See M.C. Friedlander, et aL, Science 270, 1500-1502, 
(1995), which is incorporated by reference herein in its entirety). Thus, 
30 compounds that antagonize avP5 are useful for treating and preventing 
macular degeneration, diabetic retinopathy, tumor growth, and 
metastasis. 

AdditionaUy, compotmds of the instant invention can 
inhibit angiogenesis and inflammation by acting as antagonists of the 
35 integrin receptor, ocvps, which is expressed dtiring the later stages of 

-3- 
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wound healing and remains expressed until the wound is closed {See . 
Christofidou-Solonxidou, et al., "Expression and Function of Endothelial 
Cell av Integrin Receptors in Wound-Induced Human Angiogenesis in 
Human Skin/SCID Mice Chimeras, Amftfj^^f^^ Journal of Pathology. 

5 Vol. 151, No. 4, pp. 975-983 (October 1997), which is incorporated by 

reference herein in its entirety). It is postulated that ocvp6 plays a role in 

the remodeling of the vasculature during the later stages of 
angiogenesis. Also, avp6 participates in the modulation of epithelial 

inflammation and is induced in response to local injury or 
10 inflammation (See Xiao-Zhu Huang, et al., "Inactivation of the Integrin 
p6 Subunit Gene Reveals a Role of Epithelial Integrins in Regulating 
Inflammation in the Limgs and Skin,** Journal of Cell Biologv> Vol. 133, 
No.4, pp. 921-928 (May 1996), which is incorporated by reference herein 
in its entirety). Accordingly, compounds that antagonize ocv^G are 
15 useful in treating or preventing cancer by inhibiting ttunor growth and 
metast£isis. 

In addition, certain compounds of this invention antagonize 
both the ovps and av^S receptors. These compounds, referred to as 
"dual avp3/avp5 antagonists," are useful for inhibiting bone resorption, 
20 treating and preventing osteoporosis, and inhibiting vascular restenosis, 
diabetic retinopathy, macidar degeneration, angiogenesis, 
atherosclerosis, inflammation, timior growth, and metastasis. 

In addition, certain compoimds of this invention are useful 
as mixed ocvp3, avp5, and avp6 receptor antagonists. 
25 It is therefore an object of the present invention to provide 

compounds which are useful as integrin receptor antagonists. 

It is another object of the present invention to provide 
compounds which are useful as avpS receptor antagonists. 

It is another object of the present invention to provide 
30 compotmds which are useful as avpS receptor antagonists. 

It is another object of the present invention to provide 
compoimds which are useful as avP6 receptor antagonists. 

It is another object of the present invention to provide 
compounds which are useful as dual avP3/avP5 receptor antagonists. 
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It is another object of the present invention to provide 
compounds which are useful as mixed avpS^ av^S, and av^S receptor 
antagonists. 

It is another object of the present invention to provide 
5 pharmaceutical compositions comprising integrin receptor antagonists. 

It is another object of the present invention to provide 
methods for making the pharmaceutical compositions of the present 
invention. 

It is another object of the present invention to provide 
10 methods for eliciting an integrin receptor antagonizing effect in a 
mammal in need thereof by administering the compounds and 
pharmaceutical compositions of the present invention. 

It is another object of the present invention to provide 
compounds and pharmaceutical compositions use&l for inhibiting bone 
15 resorption, restenosis, atherosclerosis, inflammation, viral disease, 
diabetic retinopathy, macidar degeneration, angiogenesis, tiimor 
growth, and metastasis. 

It is another object of the present invention to provide 
compoimds and pharmaceutical compositions useful for treating 
20 osteoporosis. 

It is another object of the present invention to provide 
methods for inhibiting bone resorption, restenosis, atherosclerosis, 
inflaimnation, viral disease, diabetic retinopathy, macular 
degeneration, angiogenesis, tumor growth, and metastasis. 
25 It is another object of the present invention to provide 

methods for treating osteoporosis. 

These and other objects will become readily apparent from 
the detailed description which follows. 

30 SUMMARY OF THE INVENTION 

The present invention relates to compounds having a 
structural formula selected fr^m the group consisting of 
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R 



8 



X-Y- 



COgR- 



•11 



, and 



Q R^ rS 



X-Y-N'^N'^CO,R 



• 13 



5 wherein the dotted line g represents a single or a double bond, provided 
that when SL represents a double bond, the double bond carbon atoms are 
substituted only witii R^'^ and R^'^; 
X is selected from the group consisting of 

N' NR2 
-Ihr'r^ — NR^C-NR^r2 

10 a 5- or 6-membered monocyclic aromatic or nonaromatic ring 

sjrstem having 0, 1, 2, 3 or 4 heteroatoms selected from the group 
consisting of O, and S wherein the ring nitrogen atoms are 
xinsubstituted or substituted with one substituent and the ring 
carbon atoms are imsubstituted or substituted with one or two Rl 

15 substituents, and 



a 9- to 14-membered polycyclic ring system, wherein one or more 
of the rings is aromatic, and wherein the polycycUc ring system 
has 0, 1, 2, 3 or 4 heteroatoms selected from the group consisting of 
20 N, 0, and S wherein the ring nitrogen atoms are unsubstituted or 
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substituted with one substituent and the ring carbon atoms are 
unsubstituted or substituted with one or two substituents; 

Y is selected from the group consisting of 

6 

-(CH2)m-, 

-(CH2)m-0-(CH2)n-. 
-(CH2)m-NR4-(CH2)n-. 
-(CH2)m-S-(CH2)n-, 
10 -(CH2)m-SO-(CH2)n-, 
-(CH2)m-S02-(CH2)n-, 

-(CH2WO-(CH2)n-0-(CH2)p-. 
-(CH2)m-0-(CH2)n-NR4-(CH2)p 

-(GH2)m-NR4.(CH2)n-NR4.(CH2)p -, 
15 -(CH2)m-0-(CH2)n-S-(CH2)p 

-(CH2)m-S-(CH2)n-S-(CH2)p -, 

-(CH2)m-NR4.(CH2)n-S-(CH2)p -, 

-(CH2)m-NR4.(CH2)n-0-(CH2)p 

-(CH2)m-S-(CH2)n-0-(CH2)p 
20 -(CH2)m-S-(CH2)n-NR4-(CH2)p and 

-(CH2)m-Z-(CH2)n-, 

wherein Z is a 3- to lO-membered monocyclic or polycydic aromatic or 
nonaromatic ring ayst&na. having 0, 1, 2, 3, or 4 heteroatoms selected 
25 from the group consisting of N, 0, and S wherein the ring nitrogen 
atoms are unsubstituted or substituted with one R^ substituent and the 
ring carbon atoms are xmsubstituted or substituted with one or two R^ 
substituents, and wherein any methylene (CH2) carbon atom in Y, other 

than in R4, can be substituted by one or two R^ substituents; and 

30 . 

wherein R^ and R^ are each independently selected &om the group 

consisting of 

hydrogen, halogen, Ci-io alkyl, C3.8 cycloall^l, 
C3-8 cycloheteroalkyl, C3.8 cydoalkyl Ci-S alkyl, 
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C3-8 cydoheteroalkyl Ci-6 alkyl, aryl, aryl Cl-8 alkyl, amino, 
amino Ci-8 alkyl, C1.3 acylamino, C1-.3 acylamino Ci-g alkyl, 
(Ci-e alkyl)pamino, (Ci-6 alkyl)pamino Ci-8 alkyl, 
Ci-4 alkoxy, C1-4 alkoxy Ci-B alkyl, hydroxycarbonyl, 
hydroxycarbonyl Ci-6 alkyl, C1.3 alkoxycarbonyl, 
C1.3 alkoxycarbonyl Cl-6 alkyl, hydroxycarbonyl- 
Ci-e alkyloxy, hydroxy, hydroxy Cl-6 alkyl, Ci-6 alkyloxy- 
Ci-B alkyl, nitro, pyano, trifluoromethyl, trifluoromethoxy, 
trifluoroethoxy, Ci-8 alkyl-S(0)p, (Ci.8 alkyDpaminocarbonyl, 
Ci-8 alkylosycarbonylamino, (Ci-S alkyDpaminocarbonyloxy, 
(aryl C1.8 aligrl)pamino, (aryDpamino, aryl Ci-8 
alkylsulfonylamino, and Ci-8 alkylsulfonylamino; 
or two Rl'substituents, when on the same carbon atom, are taken 
together with the carbon atom to which they are attached to 
form a carbonyl group; 

each R3 is independently selected from the group consisting of 
hydrogen, 
aryl, 

20 Cmo alkyl, 

aryHCH2)r-0-(CH2)s-, 

aryMCH2)iS(0)p-(CH2)s-, 

aryl.(CH2)rC(0)-(CH2)s-, 

aryKCH2)r-C{0)-N(R4HCH2)s-, 
25 aryl-(CH2)rN(R4)-C(OKCH2)s-, 

aryKCH2)rN(R4HCH2)s-, 

halogen, 

hydroxyl, 

0x0, 

30 trifluoromethyl, 

Ci-S alkylcarbonylamino, 
aryl C 1-5 alkoxy, 
Ci-5 alkoxycarbonyl, 
(Ci-8 alkyDpaminocarbonyl, 



10 



15 
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Ci-B alkylcarbonyloxy, 
C3.8 cycloalkyl, 
(Ci-e alkyDpamino, 
amino Ci.6 alkyl, 

6 arylaminocarbonyl, 

suyl C1.5 alkylaminocarbonyl, 

aminocarbonyl, 
aminocarbonyl C1.6 alkyl, 

hydroxycarbonyl, 
10 hydrosycarbonyl Ci-6 alkyl, 

HCHC-(CH2)t-, 

Ci-6 aIkyl-CM:!-(CH2)t-, 

C3.7 cyclaalkyl-CsC-(CH2)t-, 

aryl-CHC.(CH2)t-, 

15 Ci-6 alkylaryl-CfeC-(CH2)t", 

CH2=CH-(CH2)t-, 
Ci-e alkyl.CH=CH-{CH2)t-, 
C3-7 cycloalkyl-CH=CH.(CH2)t-, 
aryl-CH=CH.(CH2)t-, 

20 Ci-e aIkylaryl-CH=:CH-(CH2)tr, 

Ci-6 alkyl.S02-(CH2)tr, 
Ci-6 alkylaryi-S02-(CH2)t-, 
Cl-6 alkoxy, 
aryl Ci-S alkoxy, 

25 aryl C 1-6 alkyl, 

(01-6 aUq^l)pamino Ci-g alkyl, 
(aryDpamino, 
(aryDpamino Ci-6 alLgrl, 
(aryl Ci-6 alkyDpamino, 

30 (aryl Ci-6 alkyDpamino Ci-6 alkyl, 

arylcarbonylojcy, 
aryl Ci-6 alkylcarbonyloxy, 
(Ci-6 alkyDpaminocarbonyloxy, 
Ci-S alkylsulfonylamino. 
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arylsulfonylamino, 

Ci-8 aUrjrlsulfonylamino Ci-6 alkyl, 

arylsulfonylamino Cl-6 alkyl, 

aryl Cl-6 alkylsulfonylamino^ 
5 aryl Ci-6 alkylsulfonylamino Ci-6 alkyl, 

Ci-8 alkoxycarbonylamino, 

Cl-S alkoxycarbonylamino Cl-8 alkyl, 

aryloxycarfaonylamino Ci-8 alliyl, 

aryl Cl-8 alkoxycarbonylamino, 
10 aryl Ci-S alkoxycarbonylamino Ci-8 alkyl, 

Cl-S alkylcarbonylamino, 

Ci-S allQrlcarbonylamino Cl-6 alkyl, 

arylcarbonylamino Cl.6 alkyl, 

aryl Ci-6 alkylcarbonylamino, 
15 aryl Ci.6 alkylcarbonylamino Ci-6 alkyl, 

aminocarbonylamino Ci.6 alkyl, 

(Ci-8 alkyDpaminocarbonylamino, 

(Cl-S alIqrl)paminocarbonylamino Cl-e alkyl, 

(aryl)paminocarbonylamino Cl-6 alkyl, 
20 (aryl Cl-8 aligrl)paminocarbonylamino, 

(aryl Cl-8 alkyDpaminocarbonylamino Cl-e alkyl, 

aminosulfonylamino Cl-6 alkyl, 

(Ci.8 alkyDpaminosulfonylaniino, 

(Cl-S aU^Dpaminosvdfonylamino Cl.6 alkyl, 
25 (aryDpaminosnlfonylamino Cl-6 alkyl, 

(aryl Ci.8 alkyl)paminosxilfonylamino, 

(aiyl Cl-8 alkyl)paminosulfonylamino Cl-6 alkyl, 

Cl-6 alkylsulfonyl, 

Ci-e alhylsxilfonyl Ci-6 all^l, 
30 arylsulfonyl Cl-6 alkyl, 

aryl Cl-6 alkylsulfonyl, 

aryl Cl-6 allylsulfonyl Cl-6 alkyl, 

Cl.6 alkylcarbonyl, 

Cl-6 alkylcarbonyl Cl-6 allgd, 
35 arylcarbonyl Cl.6 alkyl, 

-11- 
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aiyl Ci-6 altjrlcarbonyl, 
aryl Ci-6 alkylcarbonyl Ci-6 alkyl, 
Ci-G alkylthiocarbonylamino, 
Ci-6 alkylthiocarbonylamino Ci-6 aliyl, 
5 arylthiocarbonylamino Ci-6 alkyl, 

aryl Ci-e alkylthiocarbonylamino, 
aryl Ci-6 alkylthiocarbonylamino Ci.6 alkyl, 
(Ci-8 alkyl)paminocarbonyl Ci-g alkyl, 
(aryl)paminocarbonyl Ci-S alkyl, 
10 (aryl Ci-S alkyDpaminocarbonyl, and 

(aryl Ci-g alkyDpaminocarbonyl Ci-g alkyl; 
or two R3 substituents, when on the same carbon atom, are taken 
together with the carbon atom to which they are attached to 
form a carbonyl group or a cyclopropyl group, 
15 wherein any of the alkyl groups of R3 are either unsubstituted or 
substituted with one to three substituents, 
and provided that each R^ is selected such that in the resultant 
compound the carbon atom or atoms to which r3 is attached is itself 
attached to no more than one heteroatom; 

20 

each R4 is independently selected from the group consisting of 
hydrogen, 
aryl, 

aminocarbonyl, 
25 C3-8 cydoalkyl, 

amino C1.6 alkyl, 

(aryl)paminocarbonyl, 

(aryl C1-5 alkyDpaminocarbonyl, 

hydroxycarbonyl C1.6 alkyl, 
30 Ci-s alkyl, 

aryl Ci-S al^l, 

(Ci-6 alkyDpamino C2-6 alkyl, 

(aryl Ci-6 alkyl)paiDino C2-6 alkyl, 

Ci-8 alkylsulfonyl, 
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Ci-S alkoxycarbonyl, 

aryloxycarbonyl, 
aryl Ci-8 alkoxycarbonyl, 
"Cl-8 alkylcarbonyl, 

5 arylcarbonyl, 

arji Ci-6 alliylcarbonyl, 
(Ci-8 alkyl)paininocarbonyl, 

aminosiilfonyly 
Ci-S alkylaminostdfonyl^ 
10 (aryl)paminosulfonyl, 

(aryl Ci-8 alkyDpaminoaulfonyl, 
arylstilfonyl, 
arylCl-6 alkylsulfonyl, 
Ci-S alkjrlthiocarbonyl, 

15 arylthiocarbonyl, and 

aryl Ci-6 alkyltidocarbonyl, 

wherein any of the alkyl groups of R4 are either unsubstituted or 
substituted with one to three substituents; 



20 R5 and R6 are each independently selected firom the group consisting of 
hydrogen^ 
Ci-io alkyl, 

aryl, 

aryHCH2)r-0-(CH2)s-, 
25 aryKCH2)rS(0)p-(CH2)s-, 

aryKCH2)r-C(OHCH2)s-, 

aryKCH2)r-C(0>N(R4HCH2)s-, 

aryKCH2)r-N(R4).C(0)-(CH2)s-> 

aryKCH2)r-N(R4)-(CH2)s-, 
30 . halogen, 

hydroxyl, 

Gi-S all^lcarbonylamino, 
aryl C1.5 alkoxy, 
C1.5 alkoxycaihonyl. 
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(Ci-8 alkyDpaminocarbonyl, 
Ci-6 alkylcarbonyloxy, 
C3-8 cycloalkyl, 
(Ci-e alkyDpamino, 
5 amino C1.6 alkyl» 

arylaminocarbonyl, 

aryl C1.5 alkylaminocarbonyl, 

amiaocarbonyly 
aminocarbonyl Ci-6 alkyl, 

10 hydroxycarbonyl, 

hydro^carbonyl Ci-6 alkyl, 

HC^.(CH2)tr, 

Ci-e alkyKCsC-(CH2)t-, 

C3.7 cycloalkyl.C^-(CH2)t-, 

15 aryl-C=C-(CH2)t-, 

Ci-e alkylaryl-C=C-(CH2)tr, 

CH2=CH.(CH2)t-, 

Ci^ alkyl-CH=CH-(CH2)t-, 

C3-7 cycloalkyl-CH=CH-(CH2)t- , 

20 aryl-CH=CH-(CH2)lr, 

C1.6 alkylaryl-CH=CH-(CH2)tr, 
Ci^ alkyl-S02-(CH2)t-, 
Ci-6 alkylaryl-S02-(CH2)t-i 
Ci^ alkoxy, 

25 aryl Cl-6 alkoxy, 

aryl Ci-e alkyl, 
(Cl-6 all^Dpamino Ci^ alkyl, 
(aryDpamino, 
(aryDpamino Ci-g al^l, 

30 (aryl Ci-e alkyDpamino, 

(aryl Ci-6 allQrDpamino Ci-6 aliyl, 

arylcarbonyloxy, 

aryl Ci-6 alkylcarbonyloxy, 

(Ci-S alkyDpaminocarbonyloxy, 
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Ci-S alkylsulfonylamino, 

arylsulfonylamino, 

Ci-S alkylsulfonylamino Ci-6 alkyl, 

arylsulfonylamino Gi-e alkyl, 
5 aryl Ci-6 alkylsialfonylamiiio, 

aryl Ci-6 alkylsulfonylamino Ci-6 alkyl, 

Ci-8 alkoxycarbonylamino, 

Ci-8 alkoxycarbonylamino Ci-g alkyl, 

aryloxycarbonylamino Ci-S alkyl, 
10 aryl Ci-g alkoxycarbonylamino, 

aryl Ci-8 alkoxycarbonylamino Ci-g alkyl, 

Ci-8 alkylcarbonylamino, 

Ci-8 alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Ci.6 alkyl, 
15 aiyl 01-6 alkylcarbonylamino, 

aryl Ci-g alkylcarbonylamino Ci-6 alkyl, 

aminocarbonylamino Ci.6 alkyl, 

(Ci-8 alkyDpaminocarbonylamino, 

(Ci-S alkyl)paiiunocarbonylainino Ci-6 alkyl, 
20 (aryl)paminocarbonylamino Ci-6 alkyl, 

(aryl Ci-8 alkyDpaminocarbonylamino, 

(aryl Ci-8 alkyl)paminocarbonylaniino Ci-G alkyl, 

aminosulfonylamino Ci.6 allgrl, 

(Ci-8 alkyl)paminosulfonylamino, 
25 (Cl.8 alkyl)paminGSulfonylamino Ci-S alkyl, 

(aryl)paminoaulfonylamino Ci-6 alkyl, 

(aryl Ci.8 alkyl)paminosulfonylamino, 

(aryl Ci-S alkyl)paminosulfonylamino 01-6 alkyl, 

01-6 alkylsulfonyl, 
30 Ci-6 alkylsulfonyl Ci-6 alkyl, 

arylsulfonyl Ci.6 alkyl, 

aryl Ci-S alkylsulfonyl, 

aryl Ci-fi alkylsulfonyl Ci.6 alkyl, 

Ci-6 aliylcarbonyl. 
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Ci-6 alkylcarbonyl Ci-6 alkyl, 

arylcarbonyl Ci-fi alkyl, 

aryl Cl-6 alkylcarbonyl, 

aryl Cl-6 alkylcarbonyl Ci-S alkyl, 
5 Ci-S alkylthiocarbonylamino, 

Cl-6 alkylthiocarbonylamino Ci-S alkyl, 

arylthiocarbonylamino Ci-G alkyl, 

aryl Ci-6 alkylthiocarbonylamino, 

aryl Ci-6 alkylthiocarbonylamino Cl-6 alkyl, 
10 (Ci-S alkyl)paminocarbonyl Ci-6 alkyl, 

(aryl)paminocarbonyl Ci-e alkyl, 

(aryl Ci-g alkyDpaminocarbonyl, and 

(aryl Ci-ff allQrl)paminocarbonyl Ci-e alkyl; 
or R5 and R6 are taken together with the carbon atom to which they are 
15 attached to form a carbonyl group, 

wherein any of the alkyl groups of R5 or are either unsubstituted or 
substituted with one to three RI- substituents, 

and provided that each R^ and are selected such that in the resiiltant 
compound the carbon atom to which R^ and R® are attached is itself 
20 attached to no more than one heteroatom; 



R7 and R8 are each independently selected from the group consisting of 
hydrogen, 
Ci-io alkyl, 

25 aryl, 

aryKCH2)r-0-(CH2)s-, 

aryKCH2)i6(0)p-(CH2)s-, 

aryKCH2)r-C(OMCH2)s-, 

aryHCH2)rC(0)-N(R4HCH2)s-, 
30 aryKCH2)r-N(R4).C(OHCH2)s-, 

aryl-(CH2)rN(R4).(CH2)s-, 

halogen, 

hydroxyl, 

Ci-S alkylcarbonylamino, 



- 16- 



wo 99/31099 J PCT/US98/26568 



aryl Cl-5 alkoxy, 

Ci-5 alkoxycarbonyl, 

(Cl-8 alkyDpaminocarbonyl, 

"Ci-6 all^lcarbonyloxy, 

5 C3-8 cydoalkyl, 

(01-6 alkyDpamino, 

amino Ci-g alkyl, 

arylaminocarbonyl, 

aryl Cl-5 alkylaminocarbonyl, 

10 aminocarbonyl, 

aminocarbonyl Ci-6 alkyl, 

hydroxjrcarbonyl, 
hydroxycarbonyl Ci-6 alkyl, 

HC=C-(CH2)t-, 
15 Ci-6 alkyl.CsC-(CH2)t-, 

C3-7 cydoalkyl-CsC-(CH2)t-, 

aryl-CHC-(CH2)tr, 

Ci-e alkylaryl-CsC-(CH2)tr, 

CH2=CH-(CH2)t-, 
20 Ci,6 alkyl.CH=CH.(CH2)t-> 

C3.7 cycloalkyl.CH=CH-{CH2)t-, 

aryl.CH=CH-(CH2)t-, 

C1.6 alkylaryl-CH=CH-(CH2)t-. 

Ci^ alkyi.S02-(CH2)ir, 
25 Ci^ alkyiaryl-S02-(CH2)t-, 

Ci-S alkoxy, 

aryl Ci-e alko^qr, 

aryl Ci-6 aUkyl, 

(Ci-6 alkyDpamino Ci-e alkyl, 
30 (aryl)pamino, 

(aryUpamino Ci-g alkyl, 

(aryl Ci-6 alhyl)pamino, 

(aryl Ci-6 alkyl)pamino Ci-6 aliyl, 

arylcarbonyloxy. 
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aiyl Ci-6 alkylcarbonylo>y, 

(Ci-6 all3grl)paminocarbonyloxy, 

Ci-8 alkylsulfonylamino, 

arylcarbonylamino, 

arylsiilfonylamiao^ 

Ci-8 alkylstLlfonylamino Ci-6 alkyl, 

arylsulfonylamino Ci-6 alkyl, 

aiyl Ci-6 alkylsulfonylamino, 

aryl Ci-6 alkylsulfonylamino Cl-6 alkyl, 

Ci-8 alkoxycarbonylamino, 

Ci-8 alkoxycarbonylamino Ci-8 alkyl, 

arylo^carbonylamino Ci-8 alkyl, 

aryl Ci-8 'alkoxycarbonylamino, 

aiyl Cl-S alko3rjrcarbonylamino Ci.8 alkyl, 

Cl-8 alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Ci-e alkyl, 

aryl Ci-G alkylcarbonylaxnino, 

aryl Ci-6 alkylcarbonylamino Ci-g alkyl, 

aminocarbonylamino Ci-6 alkyl, 

(Ci-8 alkyl)paminocarbonylamino, 

(Ci-8 alkyl)paminocarbonylamino Ci-6 alkyl, 

(aryDpaminocarbonylamino Ci-g alkyl, 

arylaminocarbonylamino, 

(aryl Ci-8 aliyl)paminocarbonylamino, 

(aryl Ci-8 al^Dpanodnocarbonylamino Ci-e alkyl, 

anodnosxilfonylamino Ci-e alkyl, 

(Ci-S alkyl)paminosulfonylamino, 

(Ci.8 alfc5rl)paminosulfonylamino Ci-6 alkyl, 

(aryDpaminoaulfonylamino Ci-g alkyl, 

(aryl Ci.8 alk^Dpaminosulfonylamino, 

(aryl Ci-8 alkyDpaminosulfonylamino Cl-6 alkyl, 

Ci-6 alkylsulfonyl, 

Cl-6 alkylsulfonyl Ci-6 alkyl, 

aiylsulfonyl Ci-S alkyl. 
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aryl Ci-6 alkylstilfonyl, 

aryl Ci-e alkylsulfonyl Ci-e alkyl, 

Ci-6 alkylcarbonyl, 

Ci-S alkylcarbonyl Ci-g alkyl, 
5 arylcarbonyl Ci-e alkyl, 

aryl Ci-e alkylcarbonyl, 

aryl Ci-6 alkylcarbonyl Ci-6 alkyl, 

Ci-6 alkylthiocarbonylamino, 

Ci-e alkylthiocarbonylamino Ci-6 alkyl, 
10 arylthiocarbonylamino Ci-6 alkyl, 

aryl Ci.6 alkylthiocarbonylamino, 

aryl Cl-6 allrjrlthiocarbonylamino Ci-6 alkyl, 

(Ci-S alkyl)paminocarbonyl Ci-6 alkyl, 

(aryl)paminocarbonyl Ci-g alkyl, 
15 (aryl Ci-fl alkyl)paminocarbonyl, 

(aryl Ci-g alkyDpaxninocarbonyl Ci-6 alkyl, and 

C7-2O polycyclyl Cq-S alkylsxilfonylamino; 
wherein any of the aliyl groups of R-^and are either xm^ubstituted or 
substituted with one to three R1 substituents, 
20 and provided that each R^and R8 are selected such that in the resultant 
compotmd the carbon atom to which R^ and R8 are attached is itself 
attached to no more than one heteroatom; 

R9 is selected from the group consisting of 
25 hydrogen, 
Ci-8 alkyl, 

aryl, 

aryl Ci-S aJkyl, 

Ci-8 alkylcarbonyloxy C1.4 alkyl, 
30 aryl C I-8 alkylcarbonyloxy C I-4 alkyl, 

Ci-S alkylaminocarbonylmethylene, and 
Ci-8 dialkylaminocarbonylmethylene; 
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RlO, Rll, R12 and Rl3 are each independently selected from the group 
consisting of 

hydrogen, 

Ci-s alkyl, 

5 aryl, 

halogen, 
hydroxyl, 
aminocarbonyl^ 
C3-8 cycloalkyl, 
10 amino Ci-6 alkyl, 

(aryDpaminocarbonyl, 

hydroxycarbonyl, 
(aryl Ci-5 alkyl)paminocarbonyl, 
hydroxycarbonyl Ci-6 alhyl, 
15 aryl C 1-6 alkyl, 

(Ci-6 alkyl)pamino Ci-6 alkyl, 
(aryl Cl-S alkyl)pamino C2-6 alkyl, 
Ci-8 alkylstdfonyl, 
Ci-S alkoxycarbonyl, 

20 aryloxycarbonyl, 

aryl Ci-8 alkoxycarbonyl, 
Ci-S alkylcarbonyl, 

arylcarbonyl, 
aryl Ci-6 alkylcarbonyl, 
25 (C1.8 alkyDpaminocarbonyl, 

aminosulfonyl, 
Gi-S alkylaminosulfonyl, 
(aryl)paminosulfonyl, 
(aryl Ci-8 alkyl)paimnosuIfonyl, 
30 Ci-6 alkylsulfonyl, 

arylsulfonyl, 
aryl Cl-S alkjrlsxilfonyl, 
aryl Ci-6 alkylcarbonyl, 
Ci-e alkylthiocarbonyl. 
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arylthiocarbonyl, 

aryl Ci-6 alkylthiocarbonyl, 

aryl-(CH2)r-0-(CH2)s-. 
-aryl-(CH2)rS(0)p-(CH2)s-, 
5 aryl-(CH2)rC(OHCH2)8-. 

aryKCH2)r-C(0)-N(R4HCH2)s-, 
aryl-(CH2)r-N(R4).C(0)-(CH2)8-, 
aryl-(CH2)r-N(R4HCH2)s-, 
HC^-(CH2)t-, 

10 01-6 aIkyl-CfeC-(CH2)t-, 

C3.7 cycloalkyl-C^-(CH2)t-, 

aryl-CsC-(CH2)t-, 

Ci-6 alkylaiyl-CsC-(CH2)t-, 

CH2=CH-(CH2)t-, 

15 Ci^ alkyl-CH=CH-(CH2)t-, 

C3-7 cycloaIkyl-CH=:CH-(CH2)t- , 

aryl-CH=CH-(CH2)t-, 

C1.6 alkylaiyl-CH=CH-(CH2)t-, 

C1.6 alkyl-S02-(CH2)t- , 

20 Ci-e alkylaryi-S02-(CH2)t-, 

Cl-S alkylcarbonylamino, 
aryl Cl-S alko^, 
C1.5 alkoxycarbonyl, 
(Cl-S al^Dpaminocarbonyl, 

25 01-6 allsylcarbonyloxy, 

(Ci-6 alLyDpamino, 
aminocarbonyl Ci.6 alkyl, 
Ci-6 alkoxy, 
aryl Cl-6 alkoiy, 

30 (aryl)pamino, 

(aryDpamino Ci.6 alkyl, 
(aryl Ci-S alkyl)pamino, 
(aryl Cl-6 aliyDpamino Cl-6 alkyl, 

arylcarbonylo^, 
35 aryl C1.6 alkylcarbonylo^, 
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(Ci-6 alkyDpaminocarbonyloxy, 
Ci-S allsylsulfonylainino, 

arylsulfonylamino, 

Ci-8 alkylsulfonylamino Ci-6 alkyl, 

arylsulfonylamino Ci-g alkyl, 

aryl Ci-6 alkylsxilfonylainino, 

aryl Ci-6 alkylsulfonylamino Ci-6 alkyl, 

Ci-8 alkozycarbonylamiao, 

Ci-8 alkoxycarbonylaituno Ci-8 alkyl, 

aryloxycaibonylamino Ci-8 alkyl, 

aryl Ci-8 alkoxycarbonylamino, 

aryl 01-8 alkoxycarbonylamino Ci-8 alkyl, 

Ci.8 alkylcarbbnylamino, 

Ci-8 alkylcarbonylamino Ci-e alkyl, 

arylcarbonylamino Ci-g alkyl, 

aryl Cl-6 alkylcarbonylamino, 

aryl Ci-e alkylcarbonylamino Ci-6 alkyl, 

aminocarbonylamino Ci.6 alkyl, 

(Ci-8 allsyDpaminocarbonylamino, 

(Ci-8 allQrl)paminocarbonylamino Ci-6 alkyl, 

(aryl)paminocarbonylamino Ci-G alkyl, 

(aryl Ci.8 allqrl)paminocarbonylamino, 

(aryl Ci-8 alkyDpaminocarbonylamino Ci-6 alkyl, 

aminosulfonylamino Ci-6 alkyl, 

(€1-8 alkyl)paminoBulfonylaznino, 

(01-8 alkyl)paminosulfonylamino Ci-S alkyl, 

(aryl)paminosulfonylamino Ci-6 alkyl, 

(aryl Ci.8 al^l)paminosulfonylamino, 

(aryl Ci-8 alkyl)paminosulfonylamino Ci-S alkyl, 

Ci-6 aUqrlsTolfonyl, 

Ci-6 albgrlsulfonyl Ci-S alkyl, 

arylsulfonyl Ci-6 alkyl, 

aryl Ci-6 alkylsxilfonyl, 

aryl Ci^ alkylstdfonyl Ci-e alkyl. 
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Cl-e alkylcarbonyl, 

Ci-e alkylcarbonyl Ci-6 allyl, 

arylcarbonyl Ci.6 alkyl, 

aryl Ci-6 alkylcarbonyl, 
5 aryl Ci-g alkylcarbonyl Ci~Q alkyl, 

Cl-B alkylthiocarbonylamino, 

Ci-e alkylthiocarbonylamino Ci-6 alkyl, 

arylthiocarbonylamino Ci-6 alkyl, 

aryl Ci.6 alkylthiocarbonylamino, 
10 aryl Ci.6 alkylthiocarbonylamino Ci-G alkyl, 

(Ci-8 alkyl)paminocarbonyl Ci-6 alkyl, 

(aryl)paminocarbonyl Ci-6 aliyl, 

(aryl Cl-ff alkyl)paminpcarbonyl, and 

(aryl Ci-S alkyDpaminocarbonyl Ci-g aliyl; or 
15 R^^ and R^^ are taken together with the carbon atoms to which 

they are attached to form a 5- to 7-membered monocyclic aromatic 

or nonaromatic ring system having 0, 1, 2, 3, or 4 heteroatoms 

selected firom the group consisting of N, O, and S wherein the ring 

nitrogen atoms are tmsnbstituted or substituted with one Rl 
20 substituent and the ring carbon atoms are unsubstituted or 

substituted with one or two substituents, 
and wherein any of the alkyl groups of RlO. RH, R12, and R13 are either 
xmsubstituted or substituted with one to three R^ substituents; 

25 wherein 

each m is independently an integer firom 0 to 6; 

each, n is independently an integer firom 0 to 6 

each p is independently an integer firom 0 to 2; 

each r is independently an integer firom 1 to 3; 
30 . each s is independently an integer firom 0 to 3; 

each t is independently an integer firom 0 to 3; and 

each V is independently an integer firom 0 to 2; 

and the pharmaceutically acceptable salts thereof. 
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The present invention also relates to pharmaceutical 
compositions comprising the compounds of the present invention and a 
pharmaceutically acceptable carrier. 

The present invention also relates to methods for making 
5 the pharmaceutical compositions of the present invention. 

The present invention also relates to methods for eUdting 
an integrin receptor antagonizing effect in a mammal in need thereof by 
administering the compoimds and pharmaceutical compositions of the 
present invention. 

10 The present invention also relates to methods for inhibiting 

bone resorption, restenosis, atherosclerosis, inflammation, viral 
disease, diabetic retinopathy, macular degeneration, angiogenesis, 
wound healing, tumor growth, and metastasis by administering the 
compounds and pharmaceutical compositions of the present invention. 

15 The present invention also relates to methods for treating 

osteoporosis by administering the compoimds and pharmaceutical 
compositions of the present invention. 



integrin receptor antagonists. Compoxmds of the present invention are 
described by the following structural formulas selected firom the group 
consisting of 



DETAILED DESCRIPTION OF THE INVENTION 



20 



The present invention relates to compoimds useful as 



25 
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wherein the dotted line a represents a single or a double bond, provided 
that when a represents a double bond, the double bond carbon atoms are 
5 substituted only with R^^ and R*^; 

X is selected from the group consisting of 

-Im'H^ — nr1-c-nr^r2 

a 5- or 6-menibered monocyclic aromatic or nonaromatic ring 
system having 0, 1, 2, 3 or 4 heteroatoms selected from the group 
10 consisting of N, 0, and S wherein the ring nitrogen atoms are 

unsubstituted or substituted with one R^ substituent and the ring 
carbon atoms are imsubstituted or substituted with one or two R^ 
substituentSy and 



15 a 9- to 14-membered polycyclic ring system, wherein one or more 

of the rings is aromatic, and wherein the polycycHc ring system 
has 0, 1, 2, 3 or 4 heteroatoms selected from the group consisting of 
N, O, and S wherein the ring nitrogen atoms are unsubstituted or 
substituted with one R^ substituent and the ring carbon atoms are 

20 unsubstituted or substituted with one or two r1 substituents; 

. Y is selected from the group consisting of 



-(CH2)m-, 
25 -(CH2)m-0-(CH2)n-, 

-(CH2)m-NR4-(CH2)n-, 
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-(CH2)ni-S-(CH2)n-, 
-(CH2)m-SO-(CH2)ii-, 
-(CH2)in-S02-(CH2)n-, 
•(CH2)m-0-(CH2)ii-0.(CH2)p", 

5 -(CH2)m-0-(CH2)n-NR4.(CH2)p 

-(CH2)m-NR4.(CH2)n-NR4.(CH2)p 

-(CH2)ni-0-(CH2)n-S.(CH2)p 

-(CH2)m-S-(CH2)n-S.(CH2)p 

-(CH2)m-NR4-(CH2)n-S-(CH2)p 
10 -(CH2)m-NR4 -(CH2)n-0-(CH2)p 

-(CH2)m-S^CH2)n-0-(CH2)p 

-(CH2)m-S-(CH2)ii-NR4^CH2)p and 

-(CH2)m CH2)n-, 
wherein Z is a 3- to lO-membered monocycUc or polycydic aromatic or 
15 nonaromatic ring system having 0, 1, 2, 3, or 4 heteroatoms selected 
fi:*om the group consisting of and S wherein the 3- to 10-membered 
monocyclic or polycyclic aromatic or nonaromatic ring system is either 
unsubstituted or substituted with one or two Rl substituents, and 
wherein any methylene (CH2) carbon atom in Y, other than in R4, can 

20 be substituted by one or two r3 substituents; and 

wherein R1 and R2 are each independently selected from the group 
consisting of 

hydrogen, halogen, Ci-io alkyl, C3-8 cydoalkyl, 

25 C3.8 cydoheteroalkyl, C3.8 cydoalkyl Ci-6 alkyl, 

C3-8 cydoheteroalkyl Ci-e alkyl, aryl, aryl Ci-g alkyl, amino, 
amino Ci-S alkyl, C1-3 acylamino, C1.3 acylamino Ci-S alkyl, 
(Ci-6 alfc5rl)pamino, {Ci-6 alkyl)pamino Ci-8 alkyl, 
Ci-4 alkoxy, C1-4 alkoxy Ci-6 alkyl, hydroxjraurbonyl, 

30 hydroxycarbonyl Ci-6 alkyl, C1.3 alkoxycarbonyl, 

Ci-3 alkoxycarbonyl Ci-6 alkyl, hydroxycarbonyl- 
Ci-6 alkyloxy, hydroxy, hydroxy Ci-6 alkyl, Ci-6 alkyloxy- 
Ci-6 alkyl, nitro, cyano, trifluoromethyl, trifluoromethoxy, 
trifluoroethoxy, Ci-S alkyl-S(0)p, (Ci-8 alkyl)paminocarbonyl, 
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Cl-8 alkyloxycarbonylamino, (Ci-8 alkyl)paminocarbonyloxy, 
(aryl Ci-8 alkyDpamino, (aryl)pairdno, aryl Ci-8 
alkylstdfonylaixuno, and Ci-8 alkylsulfonylamino; 
or two r1 substituents, when on the same carbon atom, are taken 
5 together to form a carbonyl group; 

each R3 is independently selected from the group consisting of 
hydrogen, 
aryl, 

10 Ci-io alkyl, 

aryHCH2)r-0-(CH2)s-, 

aryKCH2)iS(0)p-(CH2)s-, 

aryl.(CH2)r-C(OHCH2)s-, 

aryl-(CH2)r-C(0).N(R4HCH2)a-, 
15 aryHCH2)r-N(R4).c(OHCH2)s-, 

aryl.(CH2)i-N(R4HCH2)s-, 

halogen, 

hydroxyl, 

0X0, 

20 trifluoromethyl, 

Cl-8 alkylcarbonylamino, 

aryl Ci-5 alkoxy, 

Ci-s alkoxycarbonyl, 

(Cl-8 alkyDpaminocarbonyl, 
25 Cl-6 alkylcarbonyloxy, 

C3.8 cycloalkyl, 

(Ci-6 alkyl)pamino, 

amino 01-6 alkyl, 

arylaminocarb onyl, 
30 aryl Ci-g alkylaminocarbonyl, 

aminocarbonyl, 
aminocarbonyl Ci-e alkyl, 

hydroxycarbonyl, 
hydroxycarbonyl Ci-G alkyl, 
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HCsC-(CH2)t-, 

Ci-6 alkyl-CsC-(CH2)t-, 
. C3-7 Qycloalkyl-CsC-(CH2)t-, 

aryl-CsC.(CH2)t-, 
5 Cl-e alkylaryl-CsC-(CH2)t-, 

CH2=CH-(CH2)t-, 

Ci^ alkyl-CH=CH-(CH2)t-, 

C3-7 cycloalkyl-CH=CH-(CH2)t-, 

aiyl-CH=CH-(CH2)tr, 
10 Cl-e alkylaryl-CH=CH-(CH2)t-, 

Ci^ alkyl-S02-(CH2)t-, 

Cl^ alkyiaiyl-S02-(CH2)t-, 

Cl-6 alkoxy, 

aryl Ci-e alkoxy, 
16 aryl Ci-6 alkyl, 

(Ci-6 alkyDpamino Cl-6 alkyl, 

(aryl)pamino^ 

(aryl)pamino Cl-6 alkyl, 

(aryl Cl-e alkyDpamino, 
20 (aryl Cl-e alkyDpamino Ci-S alkyl, 

arylcarbonyloxy, 
aryl Cl-6 alkylcarbonyloxy, 
(Cl-6 allqrDpaminocarbonyloxy, 
Ci-S alkylsulfonylamino, 

25 arylsulfonylamino , 

Ci-S alfcjrlsulfonylamino Ci.6 alkyl, 

arylsulfonylamino Cl-6 aUrjrl, 

aryl Cl.6 alkylsulfonylamino, 

aryl C1.6 alkylsulfonylamino Cl-6 alkyl, 

30 * Cl-g aUcoxycarbonylamino, 

Cl-S alkoxycarbonylamino Cl-S alkyl, 

aryloxycarbonylamino Ci-8 al^li 

aryl Cl-S alkoxycarbonylamino, 

aryl Cl-S alkoxycarbonylamino Cl-S alkyl. 



-29- 



Ci-s alkyicarbonylamino, 

Ci^ alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Ci-e alhgd, 

aryl Ci-6 alkylcarbonylamino, 

aryl Ci-S alkylcarbonylamino Ci-6 alkyl, 

aminocarbonylamino Ci-G alkyl, 

(Gi-S alkyl)paminocarbonylamino, 

(Ci-8 alkyl)paminocarbonylamino Ci-6 alkyl, 

(aryDpaminocarbonylamino Ci-6 alkyl, 

(aryl Ci-g alkyl)paminocarbonylamino, 

(aryl Ci-S alkyl)paminocarbonylamino Ci-g alkyl, 

aminosulfonylamino Ci-g alkjrl, 

(Ci-S alkyDpaminosulfonylamino, 

(Ci-8 alkyDpaminosulfonylamino Ci-g alkyl, 

(aryl)paininosulfonylamino Ci.6 alkyl, 

(aryl Ci-g alkyDpaminosulfonylamino, 

(aryl Ci-g alkyDpaminosulfonylamino Ci-6 alkyl, 

Ci-S alkylsulfonyl, 

Ci-e alkylsulfonyl Ci-6 alkyl, 

arylsulfonyl Ci-6 alkyl, 

aiyl Ci-6 alkylsulfonyl, 

aryl Ci-6 alkylsulfonyl Ci-6 alkyl, 

Ci-s alkylcarbonyl, 

01-6 alkylcarbonyl Ci.6 all^l, 

arylcarbonyl Ci-6 alkyl, 

aryl Ci.6 alksrlcarbonyl, 

aryl Ci-6 alkylcarbonyl Ci.6 all^l, 

01-6 alkylthiocarbonylamino, 

01-6 alkylthiocarbonylamino Ci.6 alkyl, 

aryltfaiocarbonylamino Ci.6 alkyl, 

aryl 01-6 alkylthiocarbonylamino, 

aryl Ci.6 alkylthiocarbonylamino Ci.6 al^l, 

(Ci-S alkyDpaminocarbonyl Ci-e alkyl, 

(aryDpaminocarbonyl Ci-G alkyl. 
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(aiyl Ci-S alkyDpaminocarbonyl, and 
(aiyl Ci-g aliyl)painmocarbonyl Ci-6 alkyl; 
or two R3 substituents, when on the same carbon atom, are taken 
together with the carbon atom to which they are attached to 
5 form a carbonyl group or a cyclopropyl group, 

wherein any of the alkyl groups of R3 are either tinsubstituted or 
substituted with one to three substituents, 
and provided that each R^ is selected such that in the resultant 
compoxmd the carbon atom or atomis to which R^ is attached is itself 
10 attached to no more than one heteroatom; 

each R^ is independently selected &om the group consisting of 
hydrogen; 
aryl, 

15 aminocarbonyl, 

C3.8 cycloalkyl, 

amino Ci-6 alkyl, 

(aryl)paminocarbonyl, 

(aryl C1-5 alkyl)paminocarbonyl, 
20 hydroxycarbonyl Ci-6 alkyl, 

Ci-S alkyl, 

aryl C 1-6 alkyl, 

(Ci-6 alkyl)pamiao C2-6 alkyl, 
(aryl Ci-6 allqrl)pamino C2-6 alkyl, 
25 Ci-8 allqrlsulfonyl, 

Ci-S alko:qrcarbonyl, 

aryloxycarbonyl, 

aryl Cl-g alkosycarbonyl, 

Ci-8 alkylcarbonyl, 

30 . arylcarbonyl, 

aryl Ci-g alkylcarbonyl, 
(Ci-g alkyl)paminocarbonyl, 

aminosulfonyl, 

Ci-S alkylaixiinosulfonyl, 



-31- 



wo 99/31099 



PCTAJS98/26568 



(aryl)paminosulfonyl, 
(arjrl Ci-8 alkyl)paminosulfonyl, 
arylsulfonyl, 
arylCl-6 al^lsulfonyl, 
5 Ci-6 al^lthiocarbonyl, 

arylthiocarbonyl, and 
aiyl Ci-e alkylthiocarboiyrl, 

wherein any of the alkyl groups of R4 are either unsubstituted or 
substituted with one to three substituents; 

10 

R5 and R6 are each independently selected &om the group consisting of 
hydrogen, 
Cmo alkyl, 

aryl, 

15 aryHCH2)r-0.(CH2)8-, 

aryl-(CH2)rS(0)p.(CH2)s-, 

aryl-(CH2)r-C{0)-(CH2)s-. 

aryKCH2)r-C(0).N(R4HCH2)8-, 

aryHCH2)r-N(R4).C(OMCH2)8-, 
20 aryHCH2)r-N(R4HCH2)s-, 

halogen, 

hydrosyl, 

Ci-S allqrlcarbonylamino, 

aryl Ci-5 alkoxy, 
25 C1.5 alkoxycarbonyl, 

(Ci-S alkyDpaminocarbonyl, 

Ci-6 alkylcarbonyloxy, 

C3-8 cydoalkyl, 

(Ci-e alkyDpamino, 
30 amino C1.6 alkyl, 

arylaminocarbonyl, 

aiyl Ci-S alkylaminocarbonyl, 

aminocarbonyly 
aminocarbonyl C1.6 alkyl. 
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hydroxycarbonyl, 
hydroxycarbonyl Cl-e alkyl, 

HCHC-(CH2)t-, 

Ci-e alkyl-CsC"(CH2)t-, 
5 C3.7 cycloalkyl-C^-(CH2)t-> 

aryl-CsC.(CH2)t-, 

Cl-6 alkylaryl-CsC-(CH2)t-, 

CH2=CH-(CH2)t-, 

C1.6 alkyl-CH=CH-(CH2)t-, 
10 C3.7 cycloalkyl-CH=CH-(CH2)t-, 

aryl-CH=CH-(CH2)tr, 

Ci-6 alkylaryl-CH=CH-(CH2)t-, 

Cl-e alkyl*S02-(CH2)t-, 

Cl-e alkylaryi-S02-(CH2)tr, 
15 Cl-e alkoxy, 

aiyl Ci-6 alkoxy, 

aryl Cl-6 aliyl, 

(Ci-e altyl)pamino Cl-6 alkyl, 
(aryDpamino, 
20 (aryl)pamino Cl-6 allqrl, 

(aryl Cl-e alkyDpamino, 
(aryl Cl-6 alkyDpamino Ci-6 alkyl, 

arylcarbonyloxy, 
aryl Cl-6 alkylcarbonyloj^, 
25 (C1.6 alkyDpaminocarbonyloxy, 

Ci-8 alkylsulfonylamino, 

arylsulfonylamino, 

Ci-8 alkylsulfonylamino Ci.6 alkyl, 

arylsvdfonylainiixo Ci.6 all^l, 

30 aiyl Cl-6 alkylsulfonylamiuo, 

aryl Cl-6 alkylsulfonylamino Ci.6 alkyl, 
Cl-S alkoxycarbonylaminOy 
Ci-S alkoxycarbonylamino Ci-g alkyl, 
aryloxycarbonylamino Ci-S alkyl, 

35 aryl Ci-8 alkoxycarbonylamino, 
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aryl Ci-8 alkoxycarbonylamino Ci-8 alkyl, 

Ci-8 alkylcarbonylamino, 

Ci-8 alfcsrlcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Ci^s alkyl, 
5 aryl Ci-g alkylcarbonylamino, 

aryl Ci-6 aUcylcaibonylaiiimo Ci^ alkyl, 

aminocarbonylamino Ci-S alkyl, 

(Ci-8 alkyl)paxmnocarbonylaniino, 

(Ci-8 alItyl)paminocarbonylamino Ci-6 alkyl, 
10 (aryl)pammocarbonylaimno Ci-6 alkyl, 

(aryl Ci.8 altjrl)paminocarbonylamino, 

(aryl Ci-S alkyDpaminocarbonylamino Ci-6 alkyl, 

aminosulfonylamino Cl.6 alkyl, 

(01-8 alkyl)paininosulfonylamino, 
15 (Cl.8 alkyl)paininosulfonylammo Ci-fi alkyl, 

(aryl)paiiiinosulfonylamino Ci-6 alkyl, 

(aryl Ci-8 alkyl)paminostilfonyl£iinino, 

(aryl Ci-S alkyl)paminosiilfonylamino Ci-e alkjrl, 

Ci-6 alkylsiilfonyl, 
20 Ci-e alkylsulfonyl Ci.6 alkyl, 

aiylsxilfonyl Ci-fi alkyl, 

aryl Ci-B alkylsulfonyl, 

aryl Ci-6 alkylsulfonyl Ci-6 alkyl, 

Ci-S alkylcarbonyl, 
25 Ci-6 alkylcarbonyl Cl-6 alkyl, 

arylcarbonyl Ci.6 all^l, 

aryl Ci-6 alkylcarbonyl, 

aryl Ci-e alkylcarbonyl Ci-e al^l, 

Ci-6 alkylthiocarbonylamino, 
30 Ci-6 alkylthiocarbonylamino Ci-6 alkyl, 

arylthiocarbonylamino Ci-g all^l, 

aryl Ci-e alkylthiocarbonylamino, 

aryl Ci-g alkylthiocarbonylamino Ci-g alkyl, 

(Ci^s alkyDpaminocarbonyl Ci.6 allqrl. 
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(aryDpaminocarbonyl Ci-6 allqrl, 
(aiyl Ci-8 alkyDpaminocarbonyl, and 
(aryl Cj-S alkyl)paimnocarbonyl Ci-6 alkyl; 
or R5 and R6 are taken together with the carhon atom to which 
5 they are attached to form a carbonyl group, 

wherein any of the alkyl groups of or are either unsubstituted or 
substituted with one to three R^ substituents, 

and provided that each R^ and R^ are selected such that in the resultant 
compound the carbon atom to which R^ and are attached is itself 
10 attached to no more than one heteroatom; 

R7 and R^ are each independently selected from the group consisting of 
hydrogen, 
Ci-io alkyl, 

15 aryl, 

aryKCH2)r-0-(CH2)8-, 

aryKCH2)rS(0)p-(CH2)s-, 

aryl.(CH2)r-C(OHCH2)s-, 

aryHCH2)r-C(0)-N(R4).(CH2)s-, 
20 aryHCH2)rN(R4)-C(OHCH2)s-, 

aryKCH2)r-N(R4HCH2)s-, 

halogen, 

hydroxyl, 

Ci-S alkylcarbonylamino, 
25 aryl C 1.5 alkoxy, 

Ci-S alkoj^carbonyl, 

(Ci-S alkyDpaminocarbonyl, 

Ci-S alkylcarbonylosy, 

C3.8 cycloalkyl, 
30 . (Ci-6 alkyl)pamino, 

amino Ci-e alkyl, 

arylaminocarbonyl, 

aryl C1-5 alkylaminocarbonyl, 

aminocarbonyl. 
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anainocarbonyl Ci-S alkyl, 

hydroxycarbonyl, 
hydroxycarbonyl Ci-G aUcyl, 

HCsC-(CH2)t-, 
5 Ci,6alkyl-CsC-(CH2)t-, 

C3.7 qycloalkyl-C^-(CH2)t-, 

aryl-CsC-(CH2)t-, 

Ci-e alkylaryl.CsC-(CH2)t- , 

CH2=CH-(CH2)t-, 
10 Ci-6 alkyl.CH=CH.(CH2)t-, 

C3.7 cycloalkyl-CH=CH.(CH2)t-, 

aryl-CH=CH-(CH2)t-, 

Ci-6 alkylaryl-CH=CH-(CH2)t-, 

Ci^ alkyl-S02-(CH2)t-, 
15 Ci^ alkylaryl.S02-(CH2)t-, 

Ci-6 alkoxy, 

aryl Ci-e alkoxy, 

aryl Ci-G alkyl, 

(Ci-6 alkyl)paimno Ci-6 alkyl, 
20 (aryl)paimno, 

(aryDpamino Ci-g alkyl, 
(aryl Ci-G alkyDpamino, 
(aryl Ci-e alkyl)pamino Ci-6 alkyl, 

arylcarbonyloxy, 
25 aryl Ci-e alkylcarbonyloxy, 

(Ci-e aiygrDpaminocarbonyloxy, 
Ci-8 alkylsulfonylamino, 

arylsulfonylamino, 
Ci-8 aliylsulfonylamino Ci-6 alkyl, 
30 arylsulfonylamino Ci-g all^l, 

aryl Ci.6 alkylsulfonylamino, 
aryl Ci-6 alkylsulfonylamino C1.6 alkyl, 
Ci-g alkoxy carbonylamino, 
Ci-S alkoxycarbonylamino Ci-S alkyl, 
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aryl Ci-8 alkoxycarbonylamino, 

aryl Ci-S alkoxycarbonylamino Ci-8 alkyl, 

Ci-8 alkylcarbonylamino, 

Ci-^ alkylcarbonylamino Ci-S alkyl, 

arylcarbonylamino Ci-g alkyl, 

aryl Ci-S alkylcarbonylamino, 

aryl Cl-6 allqrlcarbonylamino Cl-S alkyl, 

aminocarbonylamino Ci.6 alkyl, 

(Ci-S alkyDpaminocarbonylamino, 

(Ci-8 alkyl)paminocarbonylanuno Ci-6 alkyl, 

(aryl)paminocarbonylamino Ci-6 allqrl, 

(aryl Cl-g alkyl)pamindcarbonylamino, 

(aryl Ci-8 alkyl)paminocarbonylamino Ci-S alkyl, 

aminosulfonylamino Ci-s alhyl, 

(01-8 alkyDpaminosnlfonylamino, 

(Ci-8 alkyl)paminosulfonylaxnino Cl-6 alkyl, 

(aryDpaminosulfonylajadno Cl-6 alkyl, 

(aryl Ci-8 alkyl)paminosulfonylamino, 

(aryl Ci-8 alkyl)paminosiilfonylamino Ci-6 alkyl, 

Cl-6 alkylsulfonyl, 

Cl-6 alkylsulfonyl Ci-e alkyl, 

arylsulfonyl Ci-6 alkyl, 

aryl Ci-6 alkylsxilfonyl, 

aryl Ci^ alkylsulfonyl Ci-6 alkyl, 

Cl-6 alkylcarbonyl, 

Cl-6 allylcarbonyl Ci-e alkyl, 

arylcarbonyl Ci-6 alkyl, 

aryl Cl.6 alkylcarbonyl, 

aryl Ci.6 alkylcarbonyl Ci-6 alkyl, 

Ci-e alkyltbiocarbonylamino, 

Cl-6 alkyltbiocarbonylamino C^-e alkyl, 

arylthiocarbonylamino Ci.6 alkyl, 

aryl Ci-6 alkyltbiocarbonylamino, 
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aryl Ci-6 aliylthiocarbonylamino Ci-6 alkyl, 
(Ci-8 alkyl)paminocarbonyl Ci-G alkyl, 
(aryDpaminocarbonyl Ci-S alkyl, 
(aryl Ci-8 alkyl)paminocarbonyl, 
5 (aryl Ci-g alkyI)paminocarbonyl Ci-6 allqrl, and 

C7-20 polycyclyl Co-8 alkylsxilfonylaioaino; 
wherein any of the alkyl groups ofR7andR8 are either unsubstituted or 
substituted vdth one to three substituents^ 

and provided that each R'^'and R^ are selected such that in the resultant 
10 compound the carbon atom to which R^ and R^ are attached is itself 
attached to no more than one heteroatom; 



R9 is selected firbm the group consisting of 
hydrogen, 
15 Ci-8 alkyl, 

aryl, 

aryl Cl-8 alkyl, 

Ci-8 alkylcarbonyloxy C1-4 all^l, 
aryl Cl-8 alkylcarbonyloxy C1-4 alkyl, 
20 Cl-8 alkylaminocarbonylmethylene, and 

C1.8 dialkylaminocarbonylmethylene; 



RlO, Rll, Rl2 and Rl3 are each independently selected firom the group 
consisting of 
25 hydrogen, 

Cl-8 alkyl, 

aryl, 

halogen, 

hydroxyl, 
30 aminocarbonyl, 

C3.8 cycloalkyl, 

amino C1.6 alkyl, 

(aryl)paminocarbonyl, 

hydroxycarbonyl, 
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(aryl C1.5 alkyDpaminocarbonyl, 
hydroxycarbonyl Ci-6 alkyl, 
aryl Ci-6 alkyl, 

(Ci-e alkyl)pamino Ci-e alkyl, 
(aryl Ci-6 alkyl)paimno C2-6 sSkyl, 
Ci-S alkylsulfonyl, 
Ci-8 alkoxycarbonyl, 

aryloxycarbonyl, 

aryl Ci-S alkoxycarbonyl, 

Ci-8 al^lcarbonyl, 

arylcarbonyl, 

aryl Ci-6 alkylcarbonyl, 

(Ci-S alkyl)paimiiocarbonyl, 

axniixosulfonyl, 

Ci-8 alkylaminosulfonyl, 

(aryDpaminosulfonyl, 

(aryl Ci-8 alkyDpanoinosulfonyl, 

Ci-e alkylsulfonyl, 

arylsiilfonyl, 
aryl Cl-6 alkylsulfonyl, 
aryl Ci-6 alkylcarbonyl, 
Ci-G alkylthiocarbonyl, 

arylthiocarbonyl, 

aryl Ci-e alkylthiocarbonyl, 

aryl.{CH2)r-0-(CH2)s-, 

aryl.(CH2)rS(0)p-(CH2)s-, 

aryKCH2)r-C(0)-(CH2)s-> 

aryKCH2)rC(0).N(R4KCH2)s-, 

aryKCH2)r-N(R4).C(0HCH2)s-, 

aryKCH2)r-N(R4HCH2)s-, 

HC=C-(CH2)t-, 

Ci-6 alkyl-CsC-(CH2)t-, 

C3.7 cycloalkyl-C^-(CH2)t-, 

aryl.CHC-(CH2)t-, 
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Cl-e alkylaryl-CsC-(CH2)t-> 
CH2=CH-(CH2)t-, 
Cl-6 alkyl.CH=CH-(CH2)t-, 
C3.7 cycloalkyl-CH=CH.(CH2)t-, 
5 aryl-CH=CH-(CH2)t-, 

Ci-e alkylaryl-CH=CH.(CH2)t-, 
Cl-6 alkyl.S02-(CH2)t-, 

Cl-6 alkylaryl-S02-(CH2)lr, 

Ci-S alkylcarbonylamino, 
10 aryl C1-5 alkoxy, 

Cl-S alkoxycarbonyl, 

(Cl-8 alkyl)paminocarbonyl, 

Cl-e alkylcarbonyloxy, 

(Cl-6 alkyDpamino, 
15 aminocarbonyl Cl-6 alkyl, 

Cl-6 alkoxy, 

aryl Cl-6 alkoxy, 

(aryl)pamino, 

(aryDpamino Cl-6 aliyl, 
20 (aryl Cl-e allgrl)painino, 

(aryl Cl-e alkyDpamino Cl-6 alkyl, 

arylcarbonyloxy, 
aryl Ci-6 alkylcarbonyloxy, 
(Cl-6 alkyDpatoinocarbonyloxy, 
25 Ci-S alkylsulfonylaniino, 

arylsulfonylamino , 
Cl-8 all^lsulfonylamino Cl-6 alkyl, 
arylsulfonylamino Cl.6 alkyl, 
aryl Cl.6 alkylsulfonylamino, 
30 . aryl Cl.6 alkylsulfonylamino Cl-6 alkjrl, 

Ci-S alkoxycarbonylamino, 
Cl-8 alkoxycarbonylamino Cl-8 alkyl, 
aryloxycail)onylaniino Cl-8 altyl» 
aryl Ci-S alkoxycarbonylamino, 
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aryl Ci-8 alkoxycarbonylamino Ci-8 alkyl, 

Ci-8 alkylcarbonylamino, 

Ci^ alkylcarbonylamino Ci-g alkyl, 

arylcarbonylanutio Ci-6 alkyl, 
5 aryl Ci-G alkylcarbonylamino, 

aryl Ci-6 alkylcarbonylamino Ci.6 alkyl, 

aminocarbonylamino 01-6 alkyl, 

(Ci-8 alkyl)paminocarbonylamino, 

(01-8 alkyl)paminocarbonylamino Ci-6 alkyl, 
10 (aryl)paminocarbonylamino Ci-^ alkyl, 

(aryl Ci-8 alkyl)paininocarbonylamino, 

(aryl Ci-8 alkyDpaminocarbonylamino Ci-6 alkyl, 

aminosulfonylamino Ci-g alkyl, 

(Ci-8 alkyl)paminoaulfonylamino, 
15 (Cl-S alkyl)paminostilfonylamino Ci-6 alkyl, 

(aryl)paminosnlfonylamino Cl-6 alkyl, 

(aryl 01-8 alkyl)paminosulfonylamino, 

(aryl Cl-8 alkyl)paminosulfonylainino Ci-6 alkyl, 

Ci-6 all^lsulfonyl, 
20 Ci-G alkylsulfonyi Ci-6 alkyl, 

arylsidfonyl Ci-6 alkyl, 

aryl Ci-S alkylsxilfonyl, 

aryl Ci-6 alkylsxilfonyl Cis alkyl, 

Ci-S al^lcarbonyl, 
25 Cl-6 aUrylcarbonyl C 1-6 slkyl, 

arylcarbonyl Cl-6 alkyl, 

aryl Cl-6 alkylcarbonyl, 

aryl Ci-6 alkylcarbonyl Ci-g alkyl, 

Cl-6 alkylthiocarbonylamino, 
30 . Ci.6 alkylthiocarbonylamino Ci-e alkyl, 

aryltliiocarbonylamino Ci.6 all^l, 

aryl Ci.6 alkylthiocarbonylamino, 

aryl Ci.6 alkylthiocarbonylamino Cl-6 alkyl, 

(Ci.8 alkyl)paminocarbonyl Ci-6 aUqrl, 
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(aryl)paminocarbonyl Ci-6 alkyl, 
(aryl Ci-g alkyDpaminocarbonyl, and 
(aryl Ci-S alkyl)parainocarbonyl Ci-6 alkyl; or 
rIO and R12 are taken together with the carbon atoms to which 
5 they are attached to form a 5- to 7-membered monocyclic aromatic 

or nonaromatic ring system having 0, 1, 2, 3, or 4 heteroatoms 
selected from the group consisting of N, O, and S wherein the ring 
nitrogen atoms are ixnsubstituted or substituted with one R1 
substituent and the ring carbon atoms are unsubstituted or 
10 substituted with one or two r1 substituents, 

and wherein any of the alkyl groups of R^O, RH, R12^ and R13 are either 
unsubstituted or substituted with one to three R^ substituents; 

wherein 

each m is independently an integer from 0 to 6; 
each n is independently an integer from 0 to 6 
each p is independently an integer from 0 to 2; 
each r is independently an integer from 1 to 3; 
each s is independently an integer from 0 to 3; 
each t is independently an integer from 0 to 3; and 
each V is independently an integer from 0 to 2; 

and the pharmaceutically acceptable salts thereof. 

25 In one embodiment of the present invention, compounds are 

described by the following structural formulas selected from the group 
consisting of 




30 
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wherein the dotted line a represents a single or a double bond, provided 
5 that when a represents a double bond, the double bond carbon atoms are 
substituted only with RlO and Rl2, 

In a dass of this embodiment of the present invention, 
compounds are described by the following structural formula 




wherein the dotted line a represents a single or a double bond, provided 
that when a represents a double bond, the double bond carbon atoms are 
15 substituted only with R^^ and R^, 

In a subclass of this dass of the present invention, 
compotinds are described by the following structtiral formula 
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In the compoimds of the present invention, X is preferably 
a 6-meinbered oaonocyclic aromatic ring system having 1 or 2 nitrogen 
5 atoms wherein each ring carbon atom is unsubstituted or substituted 
with one r1 substituent, or 

a 9- to 14-membered polycydic ring system, wherein one or more of the 
rings is aromatic, and wherein the polycydic ring system has 0, 1, 2, 3 
10 or 4 heteroatoms selected from the group consisting of N, O, and S 

wherein the ring nitrogen atoms are tinsubstituted or substituted with 
one substituent and the ring carbon atoms are imsxibstituted or 
substituted with one or two r1 substituents. 




20 
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Most preferably X is 




In the compounds of the present invention, Y is preferably 
5 selected from the group consisting of 

-(CH2)m-. 

-(CH2)m-0-(CH2)n-, 

-(CH2)m-NK4.(CH2)n-, 
10 -(CH2)m-S-(CH2)n-, 

-(CH2)m-SO-(CH2)n-, 

-(CH2)m-S02-(CH2)a-, 

-(CH2)m-0-(CH2)n-0-(CH2)p-, 

-(CH2)m-0-(CH2)n-NR4-(CH2)p-, 
15 -(CH2)m-NR4-(CH2)n-NR4.(CH2)p-, and 

-(CH2)m-NR4.(CH2)n-0-(CH2)p-, 
wherein any methylene (CH2) carbon atom in Y, other than in R'*, can 

be substituted by one or two substituents. 
20 More preferably Y is selected from the group consisting of 

(CH2)m, (CH2)m-S-{CH2)n, and (CH2)m-NR4-(CH2)n, 

wherein any methylene (CH2) carbon atom in Y, other than in R^, can 
25 be substituted by one or two R^ substituents. 

Most preferably Y is (CH2)m or (CH2)m-NR4-(CH2)n 
wherein any methylene (CH2) carbon atom in Y, other than BA, can be 

substituted by one or two R^ substituents. 

30 
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In the compounds of the present invention, Rl and r2 are 
preferably selected from the group consisting of hydrogen, halogen, Ci- 
10 alkyl, C3-8 cydoalkyl, C3.8 cydoheteroalkyl, hydros, nitro, cyano, 
5 trifluoromethyl, and trifluoromethoxy. 

More preferably, Rl and R2 are selected fi:x)m the group 
consisting of hydrogen, halogen, Ci-io alkyl, C3.8 cydoalkyl, 

trifluoromethyl, and trifluoromethoxy. 

10 In the compounds of the present invention, R3 is preferably 

selected from the group consisting of 

hydrogen, 

fluoro, ' 

trifluoromethyl, 
15 aryl, 

Cl-S alkyl, 

arylCi-6 alkyl 

hydroxyl, 

0x0, 

20 arylaminocarbonyl, 

aryl C1.5 alkylaminocarbonyl, 

aminocarbonyl, and 
aminocarbonyl Ci*6 alkyl. 

25 More preferably, R3 is selected from the group consisting of 

fluoro, 
aryl, 

Ci-8 alkyl, 
arylCi-6 aUqrl 
30 hydroxyl, 

m 

0X0, and 

arylaminocarbonyl. 



35 



In the compoimds of the present invention, R^ is preferably 
selected frt>m the group consisting of 
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hydrogen, 
aryl, 

C3-8 cycloalkyl, 
Cl-salkyl, 
5 Cl-8 al^lcarbonyl, 

arylcarbonyl, 
Ci-S alkylsulfonyl, 

arylsulfonyl, 
arylC l-Galkylsulfonyl, 
10 arylCi-Salkylcarbonyl, 

Cl-Salkylaminocarbonyl, 
arylCl-Salkylainiiiocarbonyl, 
arylCi-salkoxycarbonyl, and 
C i-SalkoxycarbonyL 

15 

More preferably, is selected from the group consisting of 
hydrogen, 
Ci-s alkyl, 
Cl-8 alkylcarbonyl, 

20 arylcarbonyl, 

arylC l-ealkylcarbonyl, 

Cl-6 alkylsulfonyl, 

arylsulfonyl, and 
arylCi-salkylsulfonyl. 

25 

In one embodiment of the present invention, R5 and R6 are 
each independently selected from the group consisting of 
hydrogen, 
aryl, 

30 Cl-8 alkyl, 

aryl-CsC-(CH2)t-, 
aryl C 1-6 al^l, 

CH2=CH-(CH2)t-, and 
HCHC-(CH2)t-. 
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In a dass of this embodiment of the present invention, is 
hydrogen and r5 is selected from the group consisting of 
hydrogen, 
aryl, 

5 Ci-8 alkyl, 

aryl-CsC-(CH2)t-, 
aryl C 1-6 alkyl, 

CH2=CH-(CH2)t-, and 
HC=C-(CH2)t-. 

10 In a subclass of this dass of the present invention, R^, R*^, 

and R^ are each hydrogen and R^ is selected from the group consisting 
of 

hydrogen) 
aryl, 

15 Cl-S alkyl, 

aryl-CHC-(CH2)t-, 
aryl C 1-6 alkyl, 

CH2=CH-(CH2)t-, and 
HCsC-(CH2)t-- 

20 In another embodiment of the present invention, R'^ and R^ 

are each independently selected firom the group consisting of 
hydrogen, 
aryl, 

Ci-S alkylcarbonylamino, 

25 arylcarbonylamino, 

Ci-S alkylsulfonylamino, 

arylsulfonylamino, 
Ci-8 alkylsulfonylamino Gi.6 alkyl, 
arylsulfonylamino 01-6 alkyl, 
30 . aryl 01-6 all^lsulfonylamino, 

aryl Ci-e alkylsulfonylamino Ci.6 aUyl, 
Ci-S alkoxycarbonylamino, 
Ci-S alkoxycarbonylamino Ci-g alkyl, 
aryloxycarbonylamino Cl-8 alkyl. 
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aryl Ci_8 alkoxycarbonylamino, 
aryl Ci-8 alkoxycarbonjdamino Ci-S alhjd, 
Ci^ alkjrlcarbonylamino Ci-6 alkyl, 
arylcarbonylazaino Ci-6 slkyl, 
5 aiyl Ci-g alkylcarbonylamino, 

aryl Ci.6 alkylcarbonylamino Ci-6 alkyl, 

aminocarbonylamiiio Ci-S alkyl> 

(01-8 alkyl)paimnocarbonylaxnino, 

(Ci-8 aU7l)paimnocarboiiylajxuno Ci-g alkyl, 

10 (aryl)paminocarbonylamino Ci-6 alkyl, 

(aryl Ci-S alk^ljipaminocarbonylainiiio, 
(aiyl Ci-8 alkyl)pamin.ocarbonylaimno Ci-6 alkyl, 
aminosulfbnylamino Ci.6 alk^l, 
(Ci-S alkyDpaminosulfonylamino, 

15 (Cl-8 alkyl)paininosiilfonylamino Ci-g alkyl, 

(aiTrl)paininosulfonylaimno Cl-6 alkyl, 
(aryl Ci-8 alkyl)paminosiilfonylamino, 
(aryl Ci.8 alkyl)paminosulfonylainiiio Ci.6 alkyl, 
01*6 aUQrlthiocarbonylaraino, 

20 Ci-6 alkylthiocarbonylamino Ci-S allqrl, 

arylthiocarbonylamino Ci-6 alkyl, 
aryl Ci.6 alkylthiocarbonylamino, and 
aryl Cl-6 alkylthiocarbonylamino Ci-G alkyl. 



25 In a class of this embodiment of the present invention, is 

hydrogen and R*^ is selected from the group consistiag of consisting of 
hydrogen, 
aryl, 

Ci-8 alkylcarbonylamino, 
30 aryl Ci.6 alkylcarbonylamino, 

* 

arylcarbonylamino, 
Ci-S alkylsiilfonylamino, 
aryl Cl-6 alkylsiilfonylamino, 
arylsulfonylamino, 
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Ci-S alkoxycarbonylamino, 
aryl Ci-S alkoxycarbonylamino, 

arylaminocarbonylamino, 

(Ci-S alkyl)paminocarbonylaminOy 

(aiyl Ci-S aIkyl)pa3aQinocarbonylamino, 

(Ci-8 alkyl)paminosulfonylainino, and 

(axyl Ci-S al]syl)panunos\ilfonylanuno. 

In a subdass of this dass of the present invention, R^, R^, 
and R^ are eadi hydrogen and R*^ is selected from the group consisting 
of 

hydrogen, 
aryl, 

Ci-S alk54carbonylamino, 
aryl Ci-s alkylcarbonylamino, 

arylcarbonylamino, 
Ci-8 alkylsulfonylamino, 
aryl Ci-g alkylsulfonylamino, 

arylsulfonylamino, 

Ci-S alkoxycarbonylamino, 

aryl Cl-S alkoxycarbonylamino, 

arylamino carbonylamino , 

(Ci-8 alkyl)paxainocarbonylamino, 

(aryl Ci-S alkyl)paminocarbonylamino, 

(Ci-S alkyDpaminosulfonylamino, and 

(aryl Ci-s alkyDpaminosulfonylamino. 

In the compounds of the present invention, is preferably 
selected from the group consisting of hydrogen, methyl, and ethyl. 
More preferably, R^ is hydrogen. 

Ltt the compounds of the present invention, R^^, R^^, R^^, 
andRl3 are preferably each independently selected from the group 
consisting of hydrogen, aiyl, Ci.6 alkyl, and arylCi.6 alkyl. 

In the compounds of the present invention, m is preferably 
an integer from 0 to 4, and more preferably from 0 to 3. 
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In the compounds of the present invention, n is preferably 
an integer firom 0 to 4, more preferably from 0 to 3. 

In the compounds of the present invention, r is preferably 
an integer from 1 to 2. 
5 In the compounds of the present invention, s is preferably 

an integer from 0 to 2. 

In the compotmds of the present invention, t is preferably 
an integer ftt)m 0 to 2, more preferably from 0 to 1. 

In the compoimds of the present invention, v is preferably 0. 
10 In certain embodiments of the present invention, the 

compounds correspond to the formulas with the following designated 
stereochemistry at the carbon atom where R^and r6 are attached: 
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wherein the substituents X, Y, Z, R1, R2, r3, r4, r6, r?^ r8^ r9, 
jjlO^ r11, r12^ and Rl3 and the subscripts a, m, n, p, r, s, t, and v are as 
described above. 

Illustrative but nonlimiting examples of compounds of the 
5 present invention that are useful as integrin receptor antagonists are 
the following: 

3(S)-(2,3-Dihydro-benzofuran-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyI]-imidazolidin-l-yl}-propionic acid, 

10 

3(R)-(2,3-Dihydro-benzofbran-6-yl)-3-{2-oxo-3-[3-(5,6J,8-tetrahydr^ 
[l,8]naphthyridin-2-yl)-propyI]-imidazolidin-l-yl}-propionic acid, 

3-(2,3-Dihydro-benzo£uran-6-3d)-3-{2-oxo-3"[3-(5,6,7,8-tetrah^ 
15 [l,8]iiaphthyridin-2-yl)-propyl]-imidazolidin- l-yl}-propionic acid, 

3(S)-(3-Fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
2-yl)-propyl]-imidazolidin- l-yl}-propionic add, 

20 3(R)-(3-Fluorophenyl)-3-{2-oxo.3-[3.(5,6,7,8-tetrahydro-[l,8]naphthyridin- 

2- yl)-propyl]-imidazolidin- l-yl}-propionic add, 

3- (3-Fluorophenyl)-3-{2.oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-imidazolidin-I-yl}-propionic add, 

25 

3(SMQuinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro.[l,8]naphthyrid^^ 
yl)-propyl]-imidazolidin-l-yl)-propionic add, 

3(RMQiainoUn-3-yl).3-{2.oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]napht^ 
30 . yl)-propyl]-imidazolidin-l-yl}-propiomc add, 

3-(Quinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2.^^^ 
propyl]-imidazolidin-l-yl}-propionic add, 
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3(S)-(Eiiiynyl)-3-{2-oxo-3-C3-(5,6,73-tetrahydro-[l,8]naphthyridin-2-yi)- 
propylj-imidazolidin- l-yl}-propionic acid, 

3(R)-(Etliynyl>3M2-oxo-3-[3-(5,6J,8-tetrahydro-[i3]naphthyridin-2-yl)- 
5 propyl]-iinidazolidin-l-yl}-propiomc add, 

3-(Ethynyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
propyU-imidazolidin-l-yll-propionic acid, 

10 3(S^(Pyridin-3-yl)-3-{2-oxo-34:3-(5,6,7,8-tetrahydn)-[l,8]iiaphthyridin-^^ 
yD-propyll-imidazolidin-l-yll-propionic add, 

3(R)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]imphthyridin-2- 
yl)-propyl]-imidazolidin-l-yl}-propiomc add, 

15 

3-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
propyl]-iinidazolidin.-l-yl}-propiomc add, 

3(S)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
20 yl)-propyl]-4-methyl-iimdazolidin-l-yl)-propionic add, 

3(R)-(Pyridin-3-yl)-3-{2-oxo.3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2 
yl)-propyl]-4-methyl-iinidazolidin-l-yl)-propiomc add, 

25 3-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphtiiyri 
propyl]-4-inethyl-unidazolidin-l-yl}-propionic add, 

3(S)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphth3aidin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

30 . 

3(R)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridtn-2-yI)-propyl]-iniidazolidin-l-yl}-propiozuc add. 



-53- 



wo 99/31099 



PCTAJS98a6S«8 



3-(6-Metho3Qrpyridin-3-yl>3-{2-oxo-3-[3^5,6,7,8-tetrahydro-. 
[l,8]iiaphthyridin-2-yl)-propyl]-iim<iazolidin-l-yl}-propionic add, 

3(S)-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro. 
5 [l,8]naphthyridin-2-yl).propyl]-iim(iazolidm-l-yl)-propionic add, 

3(R)-(6-Ethoxypyridin-3-3d)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridm-2-yl).propyl]-iinidazolidin-l-yl}-propionic add, 

10 3-(6-Etiioxypyridin-3-yl)-3-{2-oxo-3-[3^5,6,7,8-tetrahydro- 

Cl,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc add, 
trifluoroacetate salt, 

3(S)-(4-Methoxyquinolm-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

15 [l,8]iiaphthyridm-2-yl)-propyl]-iinidazolidin-l-yl}-propiomc add, 
bis(trifi[uoroacetate) salt, 



3(R)-(4-Methoxyquiiiolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridm-2-yl)-propyl>iimdazolidm-l-yl}-propionic add, 

20 

3-(4-Methoxyquinolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-prop3d]-ixmdazoIidin-l-yl}-propionic add, 

3(S)-(6-Amino-pyridm-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
25 [l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc add, 

3(R)-(6-Ammo-pyridm-3-yl)-3-{2-oxo-3-[3-(6,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazolidm-l-yl}-propionic add, 

30 3-(6-Aiiimo-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphthyridin-2-yl)-propyl]-miidazolidin-l-yl}-propionic add, 

3-(S)-(4-Methyl-3-oxo-3,4-dihydro-2H-benzo[l,4]oxazm-7-yl)-3-(2-oxo-3-[3- 

(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]-inuda2oKdm-l-yl}- 
35 propionic add, 
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3-(RH4-Methyl-3-oxo-3,4-diliydro-2H-benzo[l,4]oxazin-7-3i)-3-{2-oxo-3-[3- 
(5,6J,8-tetrahy(bo-[13]naphthyridm-2-yl)-propyl]-iimdazoUdin-l-yl}- 
propionic add, 

5 

3-(4-Methyl-3-oxo-3,4-dihydro-2H-benzo[l,4]oxazin.7-yl)-3-{2-oxo-3-C3- 
(5,6J,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]-inudazolidin-l-yl)- 
propionic add, 

10 3(SM6-Methylamino-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydr()- 
[l,8]naphth3nridin-2-yl)-propyl]-iinida2olidm-l-yl}-propionic add, 

3(RH6-Methylammo-pyridin-3-yl).3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)-propyl]-iinida2olidin- l-yl}-propionic add, 

15 

3-(6-Methylainino-pyridm-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
(l,8]naphthyridin-2-yl)-propyl]-iimda2olidin- l-yl}-propionic add, 

3(S)-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
20 [l,8]napthyridin-2-yl)-propyl]-iinidazolidin-l-ylJ-propionic add, 

3(R)-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
(l,8]napthyridin-2-yl)-propyl]-inuda2olidin-l-yl)-propiomc add, 

25 3-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]napthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(S>(2-Oxo-2,3-dihydro-benzoxazol-6-yl)-3-{2.ox<)-3-[3-(5,6,7,8-tetrahydr<)- 
[l,8]napthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propionic add, 

30 . 

3(RH2-Oxo-2,3-dihydro-benzoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3-(2-Oxo-2,3-dilxydro-benzoxa2ol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
35 [l,8]nap1hyridm-2-yl)-propyl]-imidazolidin-l-yl)-propioiuc add, 
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3(S)-(4-Ethoxy-3-fluorophenyI)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-imidazoIidin-l-yl}-propionic acid, 

5 3(R)-(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridm-2-yl)-propyl]-inudazolidin-l-yl)-propionic acid, 

3-(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiapthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propionic acid, 

10 

3(S)-(5-Ethoxy-pyridiii-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc add, 

3(R)-(5-Ethoxy-pyTidin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetraIiydro- 
15 [l,8]naph1±Lyridln-2-yl)-propyl]-imida2olidin-l-yl}-propiomc acid, 

3-(5-Ethoxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propionic add, 

20 3(S)-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphthyridin-2-yl)-propyl]-iiiiidzi2oKdin-l-yl}-propionic add, 

3(R)K5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yI)-propyll-imidazolidin-l-yl)-propionic add, 

25 

3-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetraliydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc add, 

2(S)-Benzenesulfonylaimno-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 . [l,8]naphthyridin-2-yl)-propyl]-imida2olidin-l-yl}-propiomc add, 

3(S)-{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]- 
imidazoIidin-l-yl}-pent-4-enoic add, 
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3(R)-{2.0xo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridiii-2-yl)-propyll- 
imidazolidin-l-yl}-pent-4-eiioic add, 

3-{2-axo-3-E3r(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]- 
5 iimdazolidin-l-yl}-pent-4-enoic add, 

3(SM5-Etlioxy-pyiidm-3-yl)-3-(3-{3-[6-(4-meUioxy-benzylaimno)-pyridin-2^ 
yl]-propyl}-2-oxo-iimdazolidiii-l-yl)-propiomc add, 

10 3(RH5-Ethoxy-pyridin-3-yl)-3-(3-{3-[6K4-methoxy-benzylamino)-pyri^^ 
yl]-propyl}-2-oxo-iinidazoIidm-l-yl)-propiomc add, 

3-(5-Etho3y-pyrnfin-3-yI)-3-(3-{3-[6-(4-methoxy-benzylainmo>pyridin-2-^^^^ 
propyl}-2-oxo-iimdazolidin-l-yl)-propionic add, 

15 

3-{3-[3-(6-Ainmo-pyridin-2-yI)-propyl]-2-oxo-imidazolidin-l-yl}-3(S)-(5- 
ethoxy-pyridin-3-yl)-propiomc add, 

3-{3-[3-(6-Aiiuno-pyridin-2.yl)-propyl]-2.oxo-iimdazoUdin-l-yl)-3(RH5- 
20 ethoxy-pyridin-3-yl)-propionic add, 

3-{3-[3-(6-Ainin()-pyridin-2-yl)-propyl]-2-oxo-iinidazolidm-l-yl)-3-(5- 
ethoxy-pyridin-3-yl)-propionic add, 

25 3(SM2-Oxo-2,3-dihydro-m-4-oxa-l,5-diaza-naphthaleii-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-imidazolidin-l- 
yDpropionic add, 

3(R)-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl>-3-{2-oxo-3-[3- 
30 (5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iiiiidazoKdiii-l- 
yDpropionic add, 

3-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalexi-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-imidazolidin-l- 
35 yDpropionic add, 
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3(S)-(2,3-Dihydro-m-4-oxa-l,5-dia2a-mphthalen-7-yl)-3-{2-oxo-3-^^^ 
(5,6J,8-tetrahydro-[l,8]imphthyridin-2-yl)propyl]-ii^ 
yUpropionic add, 

5 

3(R)-(2,3-Dihydn>-m.4-oxa-l,5-diaza-iiaphthalen-7-^^^ 
(5,6J,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-im 
yDpropionic acid, 

10 3-(2,3-Dihydro-m-4-oxa-l,5"dia2a-naphthalen-7-yl>3-{2-oxo-3^ 
tetrahydro-[l,8]naphtliyridin-2-yl)propyl]-iinidazoKdin-l-yl}^^ 
acid, 

3(S)-(3-Oxo-3,4^ydro-2H-l-oxa-4,5-diaza-iiaphthalen-7-yl^ 
15 (5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iimd^ 
yDpropionic acid, 

3(R)-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2.oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]uaphthyridin-2-yl)propyl]-iinidazoUdin-l 
20 yDpropionic acid, 

3-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3 
(5,6,7,8-tetxahydro-[l,8]naphth3nidin-2-yl)propyl]-imidazolidiri-l- 
yDpropionic add, 

25 

3(SH3,4-Dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-imidazolidin-l- 
yDpropionic add, 

30 3(R)-(3,4-Dihydro-2H-l-oxa-4,5.dia2a-imphthalen-7-yl)-3-{2-^ 

(5,6,7,8-tetrahydro-[l,8]naphthyridiii-2-yl)propyl]-imida2olidin-l- 
yDpropionic add. 
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3-(3,4-Dihydro-2H-l-oxa-4,5-diaza-naphthaleii-7-yl)-3-{2-oxo-3-[3-(5,6,7,8- 

tetrahydro-[l,8]imphaiyridin-2-yl)propyl]-imi<iazoHdin-l-yl}propionic 
acid, 

5 3-(Fxiro[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]imphthyridin-2-yl)propyl]iim(iazolidin-l-yl}propioiiic add, 

3(SHFiiro[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]imphthyridin-2-yl)propyl]iimdazolidin-l-yl}propionic add, 

10 

3(R)-(Furo[2,3-b]pyiidin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]iinidazoKdin-l-yl)propiomc add, 

3(S)-(2,3-I)ihydro£uro[2,3-b3pyridin-6-yl)-3-{2K)xo-3-[3-(5,6,7,8-tetrahyd^ 
15 [l,8]naphthyridin-2-yl)propyl]imida2olidiii-l-yl}propiomc add, 

3(R)-(2,3-Dihydro£uro[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]iinidazolidin-l-yl}propiomc add, 

20 3-(2,3-Dihydro£uro[2,3-b]pyridin-6-yl)-3-{2H)xo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidm-l-yl}propionic add, 

3(S)-(Furo[3,2-b]pyridin-6-yl>3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)propyl]iinidazolidin-l-yl}propioific add, 

25 

3(RHFiiro[3,2.b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]imphthyridin-2-yl)propyl]iimdazolidiii-l-yl}propionic add, 

3-(Puro[3,2-b]pyridiii-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 [l,8]]mphthyridin-2-yl)propyl]imidazolidiii-l-yl}propionic add, 

3(SH2,3-Dihydroftm)[3,2-b]pyridm-€-yl)-3-{2K)xo-3-[3K5,6,7,8-tetrahyd^ 
[l,8]naphthyridm-2-yl)propyl]imidazolidixi-l-yl}propiomc add. 
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3(RH2,3-Dihydrofuro[3,2-b]pyTidin-6-yl)-3-{2-oxo-3-[3-(6,6J,8-tet^ 
[l,8]naphthyri(Hn-2-yl)pn)pyl]iinidazolidin-l-yl}propiomc acid, 

3-(2,3-Dihydn)furo[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6J,8-tetrahydro- 
5 [l,8]napht±iyridin-2-yl)propyl]imidazoUdm-l-yl}propionic add, 

3(S)-(Benziinidazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetraliydro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl)propionic acid, 

10 3(R)-(Benziinidazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]imphthyridin-2-yl)propyl]iinidazolidiii-l-yl)propionic add, 

3-(Benzimidazol=2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 

2- yl)propyl]iimdazolidin-l-yl)propionic add, 

15 

3(SHlH-Imidazo[4,5-c]pyridin-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridia-2-yl)propyl]-iniidazolidin- l-yDpropionic add, 

3(R>(m-Imidazo[4,5-c]pyridin-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
20 [l,8]naphtfiyridin-2-yl)propyl3-iimda2olidin-l-yl)propionic add, 

3- (m-Iimda2o[4,5-c]pyridin-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)propyl]-iimdazolidin-l-yl)propionic add, 

25 3(SMBeiizoxazol-2-yl>3-(2^oxt)-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
2-yl)propyl]iinidazolidin-l-yl)propionic add, 

3(R)-(Beiizoxazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 

2- yl)propyl]irQidazolidin-l-yl)propionic add, 

30 

3- (Benzoxazol-2-yl)-3-(2-ox()-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridiii-2- 
yl)propyl]iniidazolidin-l-yl)propioDic add, 

3(S)-(l-Methyl-lH-pyrazol-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
35 [l,8]naphthyridin-2-yl)propyI]-imidazoIidui-l-yl)propiomc add. 
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3(R)-(l-Methyl-lH-pyrazol-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]mphthyridm-2-yl)pn)pyl]-iim(iazoUdm-l-yl)propionic acid, 

5 3-(l-Meth3d-lH-pyrazol-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]imphthyridin-2-yl)propyIHnudazoUdin-l-yl)propionic add, 

and the pharmaceutically acceptable salts thereof. 

10 Further illustrative of the present invention are the 

compounds selected firom the group consisting of 

3(S)-(2,3-Dihydro-benzo£uran-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(R)-(2,3-Dihydro-ben2ofuran-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc add, 

3(S)-(3-Fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
20 2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(R)-(3-Fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
2-yl)-propyl]-imidazolidin-l-yl)-propionic add, 

25 3(SMQuinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3CR)-(Quinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-imidazolidin-l-yl}-propioQic add, 

30 

3(S)-(Ethynyl)-3-{2-oxo-3-[3-(5,6,7,8-tettahydro-[l,8]naphthyridin-2-yl)- 
propyl]-imidazolidin-l-yl}-propionic add, 

3(R)-<Ethynyl)-3-{2-oxo-3-[3-{5,6,7,8-tetrahydro-[l,8]naphthyridin-2.yl)- 
35 propyU-imidazolidin-l-yD-propionic add. 
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3(S)-(Pyridin-3-yl)-3-{2.oxo-3-[3-(5,6J3-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-iinidazolidin-l-yl}-propiomc add, 

5 3(RMPyridm-3-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-imida2olidin-l-yl}-propiomc add, 

3(S)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-4-methyl-iinidazolidm- l-yl}-propionic add, 

10 

3(R)-(Pyridin-3-yl)-3M2-oxo-3-[3-(5,6,7,8-teti^ydro-[l,8]naphthyiidin-2- 
yl)-pn)pyl]-4-metiiyl-ijiudazolidm-l-yl}-propionic add, 

3(S)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
15 [l,8]naphthyridm-2-yl)-propyl]-imidazolidiii-l-yl}-propiomc add, 

3(R)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)-propyl]-iiiiidazoUdin-l-yl}-propionic add, 

20 3(SM6-Ethoxypyridin-3-3i)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphthyridm-2-yl)-propyl]-iimdazolidin-l-yl)-propionic add, 

3(R)-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyI]-iiiiidazoKdin-l-yl}-propionic add, 

25 

3(S)-(4-Methoxyquinolm-7-yi)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]niaphthyridin-2-yl)-propyl]-imida2oKdin-l-yl}-propionic add, 
bisCtrifluoroacetate) salt, 

30 • 3(R)-(4-Methoxy<iuinoliii-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyI]-iinida2oKdm-l-yl)-propioiuc add, 

3(S)-(6-Amino-pyridm-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imida2olidin-l-yl}-propionic add. 
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3(R)-(6-Ainino-pyridm-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc acid, 

5 3-(S)-(4-Methyl-3-oxo-3,4-dihydro-2H-bemo[l,4]oxa2in-7-yl)-3-{2-oxo-3- [3- 

(5,6J,8-tetrahydn)-[l,8]Mphthyridin-2-yl)-propyl]-iimdazoIidin-l-yl}- 
propionic add, 

3-(R)-(4-Methyl-3-oxo-3,4-dihydro-2H-ben2o[l,4]oxa2in-7-3d)-3-{2-oxo-3-[3- 
10 (5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]-iniidazolidm-l-yl}- 
propionic add, 

3(SM6-Methylaniino-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]ixaphthyridm-2-yl)-propyl]-iinidazolidin-l-yl}-propiomc add, 

15 

3(RM6-Methylamino-pyridm-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiiaphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc add, 

3(S)-(2-FIuoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
20 [l,8]napthyridin-2-yl)-propyl]-imida2olidin-l-yl}-propiomc add, 

3(R)-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetraliydro- 
[l,8]napthyridin-2-yl)-propyl]-iiiiidazolidin-l-yl}-propionic add, 

25 3(S)-(2-Oxo-2,3-dihydro-beii2oxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
Cl,8]napthyridin-2-yI)-propyI]-iinidazoIidm-l-yI}-propiomc add, 

3(R)-(2-Oxo-2,3-dihydro-benzoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-unidazoIidin-l-yl}-propionic add, 

3(S>(4-Ethoxy-3-fluorophenyl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-iiiiidazolidin-l-yl}-propiomc add, 

3(R)-(4-Ethoxy-3-fluoropheiiyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]Mpthyridm-2-yI)-pn)pyl]-imidazqKdin-l-yl}-propionic add, 
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3(S)-(5-Ethoxy-p5aidin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-pn)pyl]-inu<iazoUdin-l-yl}-propionic acid, 

5 3(R)-(5-Ethoxy-pyridm-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyTidin-2-yl)-propyl]-iznidazoUdin-l-yl}-propiomc acid, 

3(S)-(5-Hydroxy.pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]imphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propiomc acid, 

10 

3(E)-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-irnidazolidiii-l-yl}-propionic acid, 

3(S)-{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2-yl)-propyl]- 
15 imidazolidin-l-yl}-pent-4-eaoic acid, 

3(R)-{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridia-2-yl)-propyl3- 
iiiudazolidin-l-yl}-pent-4-enoic add, 

20 3(S)-(5-Ethoxy-pyridm-3-yl)-3-(3-{3-[6-(4-methoxy-benzylaiiiino)-pyridin-2- 
yl]-propyl}-2-oxo-iniida2olidin-l-yl)-propioiiic acid, 

3(R>(5-Etho3?y-pyridin-3-yl)-3-(3-{3-[6-(4-methoay-beii2ylanuno)-pyridin-2- 
yl]-propyI}-2-oxo-ijmidazolidin-l-yl)-propionic add, 

25 

3-{3-[3-(6-Ainino-pyridin-2-yl>propyl]-2-oxo-imida2olidin-l-yl}-3(SH5- 
etho3Qr-pyridin-3-yl)-propionic add, 

3-{3-[3-(6-Amiiu)-pyridin-2-yl>pTOpyl]-2-oxo-imidazolidin-l-yl}-3(R)-(5- 
30 etho3Qr-pyridiii-3-yl)-propiomc add, 

3(S)-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yi)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-Cl,8]naphthyridin-2-yl)propyl3-iimdazolidin-l- 
yUpropionic add, 

35 



-64- 



wo 99/31099 



PCTAJS98/26S68 



3(R>-(2-Oxo-2,3-dihydro-m-4-oxa.l,5Kiiaza-iiaphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6J,8-tetrahydro-[l,8]imphthyridin-2-yl)propyl]-irQidazoUdin-l- 
yUpropionic acid, 

5 3(S)-(2,3-Dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6J,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iinidazolidin-l- 
yDpropionic add, 

3(R)-(2,3-Dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2.oxo.3-[3- 
10 (5,6J,8-tetrahydro-[l,8]iiaphthyridin-2-yl)propyl]-umdazolidin-l- 
yl}propiomc add, 

3(S)-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-3d)-3-{2-oxo-3-[3- 

(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-imidazolidm-l- 
15 yDpropionic add, 

3(R)-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-ixnidazolidm-l- 
yDpropionic add, 

20 

3(S)-(3,4-Dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl3-iimdazolidini-l- 
yI}propionic add, 

25 3(R)-(3,4-Dihydro-2H-l-oxa-4,5-dia2a-naphthalen-7-yl)-3-{2-oxo-3-[3- 

(5,6,7,8-tetrahydro-[l,8]iiaphthyridm-2-yl)propyl]-iimdazolidin-l- 
yDpropionic add, 

3(S)-(Furo[2,3-b]pyridm-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydn)- 
30 [l,8]imphthyridin-2-yl)propyl]imidazoUdm-l-yl}propionic add, 

3(R)-(Furo[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidm-l-yl}propiomc add. 
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3(S)-(2>Dihydrofuro[2,3-b]p3^din-6-yl)-3-{2-oxo-3-[3-(5,6J,8-tetxahydro- 
[l,8]naphthyridin-2-yl)pn)pyl]imidazolidin-l-yl}propioiiic acid, 

-3(R)-(2,3-Dihydrofuro[2,3-b]pyridm-6-yl)-3-{2-oxo-3-[3-(5,6J,8-tetrahy^ 
5 [l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yllpropionic add, 

3(S)-(Furo[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro. 
[l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl}propionic acid, 

10 3(R)-(Furo[3,2-b]pyridin-6-yi)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthjaidin-2-yl)propyl]iinidazolidin-l-yl}propioiuc acid, 

3(SH2,3-Dihydrofuro[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro^ 
[l,8]naphiliyridin-2-yl)propyl]imidazolidin-l-yl)propionic acid, 

3(R)-(2,3-Dihydrofuro[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imida2olidin-l-yl)propiomc acid, 

3(S)-(Benzimidazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
20 [l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl)propionic acid, 

3(R)-(Benzimidazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl)propionic acid, 

25 3(S)-(lH-Iimdazo[4,5-c]pyridin-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]-iinidazolidin-l-yl)propiomc add, 

3(RHlH-Iinidazo[4,5-c]pyridin-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]-iimdazolidin-l-yl)propionic add, 

30 

3(SMBenzoxazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
2-yl)propyl]imidazolidin-l-yl)propioiiic add, 

3(R)-(Benzoxa2ol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyridin- 
35 2-yl)propyl]imidazolidin-l-yl)propionic add, 

-66- 



wo 99/31099 



PCT/US98/26568 



3(S>(l-Methyl-lH-pyra2ol-4-yl)-3-(2-oxo-3-[3-(5,6J,8-tetrahydi^ 
[13]naphthyridin-2-yl)propyl]-iiiudazoUdin-l-yl)propionic acid, 

5 3(RHl-Metiiyl.lH-pyrazol-4-yl)-3-(2.oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]Mphthyridin-2-yl)propylHmidazoKdin-l-yl)propionic add, 

and the phannaceutically acceptable salts thereof. 

10 Yet further illustrative are the compounds 

3(S)-(2,3-Dihydro-benzofuran-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl)-propionic acid, 

15 3(S)-(Quinolin-3-yl)-3-{2-oxo-3-t3-(5,6,7,8-tetrahydro-[l,8]naphthyridin.2- 
yl)-propyl]-imida2olidin-l-yl}-propionic add, 

3(S)-(F)nridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-imidazolidin-l-yl}-propionic add, 

20 

3(S)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yI}-propiomc add, 

3(SM6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
25 [l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(S)-(4-Methoxyquinolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl>-propyl]-imidazolidin-l-yl}-propionic add, 
bis(tri£luoroacetate) salt, 

30 

3(S)-{6-Methylamino-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(S)-(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
35 [l,8]napthyridin-2-yl)-propyI]-imidazoIidin-l-yl}-propionic add, 
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3(S)-{Furo[2,3-b]pyridin-6-yl>3-{2-oxo-3-[3-(5,6,7,8-tetrahydrt)- 
[l,8]naphtii3nidin-2-yl)propyl]iimdazolidin-l-yl}propiomc add, 

5 3(S)-(Furo[3,2-b]pyridin-6-yl)-3- {2-oxo-3-[3-(5,6,7,8-tetrahydn)- 
[l,8]naphthyridin-2-yl)propyl]iinidazolidin-l-yl}propionic add, 

3(S)-(Beiminidazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphtiiyri(fin-2-yl)propyl]iinidazolidin-l-yl)propiomc add, 

10 

3(S)-(Benzoxazol-2-yl>3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyridin- 
2-yl)propyl]iinidazoIidin-l-yl)propionic add, 

and the pharmaceutically acceptable salts thereof. 

For use in medicine, the salts of the compounds of this 
invention refer to non-toxic "pharmaceutically acceptable salts." Other 
salts may, however, be useful in the preparation of the compounds 
according to the invention or of their pharmaceutically acceptable salts. 

20 Salts encompassed within the term "pharmaceutically acceptable salts" 
refer to non-toxic salts of the compounds of this invention which are 
generally prepared by reacting the free base with a suitable organic or 
inorganic add. Representative salts include the following: acetate, 
benzenesulfonate, benzoate, bicarbonate, bisul&te, bitartrate, borate, 

25 bromide,, calcium, camsylate, carbonate, chloride, clavulanate, citrate, 
dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, 
gluceptate, gluconate, glutamate, glycoUylarsanilate, hexylresorcinate, 
hydrabamine, hydrobromide, hydrochloride, hydroxynaphthoate, iodide, 
isothionate, lactate, lactobionate, laurate, malate, maleate, mandelate, 

30 ^ mesylate, methylbromide, methylnitrate, methylsulfate, mucate, 

napsylate, nitrate, N-methylglucamine ammonium salt, oleate, oxalate, 
pamoate (embonate), palmitate, pantothenate, phosphate/diphosphate, 
polygalacturonate, salicylate, stearate, sulfate, subacetate, succinate, 
tannate, tartrate, teodate, tosylate, triethiodide and valerate. 

35 Furthermore, where the compounds of the invention carry an addic 
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moiety, siiitable pharmaceutically acceptable salts thereof may include 
alkali metal salts^ e.g., soditmi or potassiimi salts; alkaline earth metal 
salts, e.g., calcium or magnesium salts; and salts formed with suitable 
organic ligands, e.g., quaternary ammonixmx salts. 
5 The compounds of the present invention can have chiral 

centers and occur as racemates, racemic mixtures, diastereomeric 
mixtures, and as individual diastereomers, or enantiomers with all 
isomeric forms being included in the present invention. Therefore, 
where a compound is chiral, the separate enantiomers or 

10 diastereomers, substantially free of the other, are included within the 
scope of the inventioi^ further included are all mixtxires of the two 
enantiomers. Also included within the scope of the invention are 
polymorphs and* hydrates of the compoimds of the instant invention. 

The present invention includes within its scope prodrugs of 

15 the compounds of this invention. In general, such prodrugs will be 
functional derivatives of the compoxmds of this invention which are 
readily convertiblem vivo into the required compound. Thus, in the 
methods of treatment of the present invention, the term "administering'* 
shall encompass the treatment of the various conditions described with 

20 the compound specifically disclosed or with a compound which may not 
be specifically disclosed, but which converts to the specified compotmd in 
vivo s&er administration to the patient. Conventional procedures for the 
selection and preparation of suitable prodrug derivatives are described, 
for example, in "Design of Prodrugs," ed. H. Bundgaard, Elsevier, 1985, 

25 which is incozporated by reference herein in its entirety. MetaboUtes of 
these compoxmds include active species produced upon introduction of 
compounds of this invention into the biological milieu. 

The term "therapeutically efifective amount" shall mean 
that amomt of a drug or pharmaceutical agent that will eUdt the 

30 biological or medical response of a tissue, system, animnl or human that 
is being sought by a researcher or clinician. 

The term "integrin receptor antagonist," as used herein, 
refers to a compound which binds to and antagonizes either the avp3 
receptor, the ocvp5 receptor, or the avp6 receptor, or a compound which 
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binds to and antagonizes combinations of these receptors (for example, a 
dual avp3/avP5 receptor antagonist). 

The term Hbone resorption," as used herein, refers to the 
process by which osteoclasts degrade bone. 
5 The term "alkyl" shall mean straight or branched chain 

alkanes of one to ten total carbon atoms, or any number mthin this 
range (i,e., methyl, ethyl, 1-propyl, 2-propyl, n-butyl, s-butyl, t-butjd, 
etc.). 

The term "alkenyr shall mean straight or branched chain 
10 alkenes of two to ten total carbon atoms, or any number within this 
range. 

The term "alkynyF shall mean straight or branched chain 
alkynes of two to ten total carbon atoms, or any number within this 
range. 

15 The term "(ydoalkyF shall mean cyclic rings of alkanes of 

three to eight total carbon atoms, or any number within this range (i.e., 
cydopropyl, cyclobutyl, pydopentyl, cydohexyl, cydoheptyl or cydooctyl). 

The term "cydoheteroalkyl," as used herein, shall mean a 
3- to 8-membered fully saturated heterocydic ring containing one or two 

20 heteroatoms chosen &om N, 0 or S. Examples of cydoheteroalkyl 
groups indude, but are not limited to piperidinyl, pyrroKdinyl, 
azetidinyl, morpholinyl, piperazinyl. 

The term "alkoxy," as used herein, refers to straight or 
branched chain alkoxides of the number of carbon atoms spedfiied (e.g., 

25 Ci-5 alkoxy), or any number within this range (i.e., methoxy, ethoxy, 

etc.). 

The term "aryl," as used herein, refers to a monocyclic or 
polycydic sjrstem comprising at least one aromatic ring, wherein the 
monocylic or polycyclic system contains 0, 1, 2, 3, or 4 heteroatoms 

30 chosen fit>m N, O, or S, and wherein the monocylic or polyqylic system is 
either unsubstituted or substituted with one or more groups 
independently selected from hydrogen, halogen, Ci-io alkyl, C3.8 
cycloalkyl, aryl, aryl Ci-S alkyl, amino, amino Ci-8 alkyl, Ci-3 
acylamino, C1.3 acylamino Ci-S alkyl, Ci-6 alkylamino, Ci-6 alkylamino 

35 Cl-S alkyl, Cl-6 diallQrlamino, Cl.^ dialkylamino-Cl-S alkyl, C1-4 alkoxy, 
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Ci-4 alkoxy Ci-e alkyl, hydroxycarbonyl, hydroxycarbonyl Ci-6 alkyl, Ci- 
5 alkoxycarbonyl, C1-3 alkoxycarbonyl Ci-6 alkyl, hydroxycarbonyl Ci-e 
alkyloxy, hydroxy, hydroxy Ci-6 alkyl, cyano, trifluoromethyl, 0x0 or Ci- 
5 alkylcarbonyloxy. Examples of aryl indude, but are not Hmited to, 
5 phenyl, naphthyl, pyridyl, pyrazinyl, pyrimidinyl, imidazolyl, 
benzimidazolyl, benzthiazolyl, benzoxazolyl, indolyl, thienyl, fuiyl, 
pyrryl, pyrazolyl, dihydrobenzofuryl, benzo(l,3) dioxolane, oxazolyl, 
isoxazolyl and thiazolyl, which are either unstibstituted or substituted 
with one or more groups independently selected from hydrogen, 
10 halogen, Ci-io alkyl, C3.8 cydoalkyl, aiyl, aiyl Ci-8 allqrl, amino, amino 
Ci-8 alkyl, C1.3 acylamino, C1.3 acylamino Ci-S alkyl, Ci-e alkylamino, 
Ci-6 alkylamino-Ci-8 alkyl, Ci-6 dialkylamino, Cl-6 dialkylamino Ci.8 
alkyl, Cl-4 alkoxy, Ci^ alkojgr C1.6 alkyl, hydro^carbonyl, 
hydroxycarbonyl Ci-6 alkyl, C1-5 alkoxycarbonyl, C1-3 alkoxycarbonyl 
15 Ci-6 alkyl, hydroxycarbonyl Ci-6 alkyloxy, hydroxy, hydro3cy Ci-6 alkyl, 
cyano, trifluoromethyl, 0x0 or C1-5 alkylcarbonyloxy. Preferably, the 
aryl group is xmsubstituted, mono-, di-, tri- or tetra-substituted with one 
to four of the above-named substituents; more preferably, the aryl group 
is unsubstituted, mono-, di- or tri-substituted with one to three of the 
20 above-named substituents; most preferably, the aryl group is 

xmsubstituted, mono- or di-substituted with one to two of the above- 
named substituents. 

Whenever the term "alkyl" or "aryl" or either of their prefix 
roots appears in a name of a substituent (e.g., aryl Co-8 alkyl), it shall be 

interpreted as including those limitations given above for "alkyl" and 
"aryl." Designated numbers of carbon atoms (e.g., Ci-io) shall refer 

independently to the number of carbon atoms in an alkyl or cyclic alkyl 
moiety or to the alkyl portion of a larger substituent in which alkyl 
appears as its prefix root. 

The terms "arylalkyl" and "alkylaryl" include an alkyl 
portion where alkyl is as defined above and to include an aryl portion 
where aryl is as defined above. Examples of arylalkyl include, but are 
not limited to, benzyl, fluorobenzyl, chlorobenzyl, phenylethyl, 
phenylpropyl, fluorophenylethyl, chlorophenylethyl, thienylmethyl, 
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thienylethyl, and thienylpropyl. Examples of alfcylaryl include, but are 
not limited to, toluene, ethylbenzene, propylbenzene, methylpyridine, 
ethylpyridine, propylpyridine and butylpyridine. 

In the compounds of the present invention, two 
5 substituents, when on the same carbon atom, can be taken together with 
the carbon to which they are attached to form a carbonyl group. 

In the compoimds of the present invention, two R3 
substituents, when on the same carbon atom, can be taken together with 
the carbon atom to which they are attached to form a carbonyl group. In 
10 such instances, the limitation, that in the resultant compoxmd the 
carbon atom or atoms to which R3 is attached is itself attached to no 
more than one heteroatom, does not apply. Also, in the compoimds of 
the present invention, two R3 substituents, when on the same carbon 
atom, can be taken together with the carbon atom to which they are 
15 attached to form a cydopropyl group. 

In the compoxmds of the present invention, R5 and R® can 
be taken together with the carbon atom to which they are attached to 
form a carbonyl group. In such instances, the limitation, that in the 
resultant compound the carbon atom at which R^ and R^ is attached is 
20 itself attached to no more than one heteroatom, does not apply. 

When substituents R^ and R^ include the definition Co (e.g., 
Co-8 alkyl), the group modified by Cq is not present in the substituent 
when C is zero. Similarly, when any of the variables m, n, t, or v, is 
zero, then the group modified by the variable is not present; for example, 
25 when t is zero, the group MCH2)tCsCff ' is "-feCH". In addition, the 
substituent "(Cl-S alkyDpamino" where p is zero, one or two, refers to an 
amin o, Cl-6 alkylamino and Ci-S dialkylamino group, respectively. 
When a Cl-e dialkylamino substituent is intended, the Ci^ allqrl groups 

can be the same (e.g., dimethylamino) or different (e.g., 
30 N(CH3)(CH2CH3)). Similarly, the substituent "(aryDpamino" or Haryl 
Ci-6 alkjrDpamino"], where p is zero, one or two, refers to an amino, 
arylamino and diarylamino group, [or an amino, aryl Cl-6 aHqrlamino 
or di-(aryl Ci-6 alkyDamino] respectively, where the aryl [or aryl Ci^ 
alkyl] groups in a diarylamino [or di-(aryl Ci-6 alkyDamino] substituent 
35 can be the same or different. 
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In the compounds of the present invention, RlO and R12 can 
be taken together with the carbon atoms to which they are attached to 
form a 5- to 7-membered monopyclic aromatic or nonaromatic ring 
system having 0, 1, 2, 3, or 4 heteroatoms selected from the group 
5 consisting of N, 0, and S wherein said 5- to 7-membered monocylic 
aromatic or nonaromatic ring system is either unsubstituted or 
substituted with one or more substituents. 

The term 'lialogen" shall include iodine, broioine, 
chlorine, and fluorine. 
10 The term "oxy"' means an oxygen (0) atom. The term "thio" 

means a sulfur (S) atom. The term "oxo" means "=0." The term 
"carbonyr means X=0.** 

The term "siibstituted" shall be deemed to include multiple 
degrees of substitution by a named substitutent. Where multiple 
15 substituent moieties are disclosed or claimed, the substituted compound 
can be independently substituted by one or more of the disclosed or 
claimed substituent moieties, singly or plurally. By independently 
substituted, it is meant that the (two or more) substituents can be the 
same or different. 

20 Under standard nonmenclature used throughout this 

disclosure, the terminal portion of the designated side chain is described 
first, followed by the adtjacent functionality toward the point of 
attachment. For example, a C1.5 alkylcarbonylamino Ci-6 alkyl 

substituent is equivalent to 

O 
II 

25 -0^.6 alkyl-NH-C-Ci.5 alkyl . 

In choosing compoimds of the present invention, one of 
ordinary skill in the art will recognize that the various substituents, i.e. 
X, Y, Z, Rl, R2, r3 r4 r5, r6 r7, r8, r9 rIO, r11 r12, and Rl3 and 

the subscripts m, n, p, r, s, t, and v are to be chosen in conformity with 
30 well-known principles of chemical structure connectivity. 

Representative compounds of the present invention typically 
display submicromolar a£5nity for the integrin receptors, particularly 
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the ovps, avp5, and/or avp6 receptors. Compounds of this invention are 
therefore useful for treating manunals suffering from a bone condition 
caused or mediated by increased bone resorption, who are in need of 
such therapy. Pharmacologically effective amounts of the compound^ 
5 including pharamaceutically acceptable salts thereof^ are administered 
to the mammal, to inhibit the activity of mammalian osteoclasts. 

The compoimds of the present invention are administered 
in dosages efifective to antagonize the avp3 receptor where such 
treatment is needed, as, for example, in the prevention or treatment of 
10 osteoporosis* 

Further exemplifying the invention is the method wherein 
the integrin receptor antagonizing effect is an avp3 antagonizing effect. 
An illustration of the invention is the method wherein the avp3 
antagonizing effect is selected from inhibition of bone resorption, 
15 restenosis, angiogenesis, diabetic retinopathy, macular degeneration, 
inflammation, viral disease, tumor growth, or metastasis. Preferably, 
the avps antagonizing effect is the inhibition of bone resorption. 

An example of the invention is the method wherein the 
integrin receptor antagonizing effect is an avp5 antagonizing effect. 
20 More specifically, the avp5 antagonizing effect is selected from inhibition 
of restenosis, angiogenesis, diabetic retinopathy, macular degeneration, 
inflammation, tximor growth, or metastasis. 

Illustrating the invention is the method wherein the 
integrin receptor antagonizing effect is a dual avp3/avp5 antagonizing 
25 effect. More particularly, the dual avp3/avp5 antagonizing effect is 
selected from inhibition of bone resorption, restenosis, angiogenesis, 
diabetic retinopathy, macular degeneration, inflammation, viral 
disease, tumor growth, or metastasis. 

Illustrating the invention is the method wherein the 
30 . integrin receptor antagonizing effect is an avp6 antagonizing effect. 
More particularly, the ocvp6 antagonizing effect is selected from 
inhibition of angiogenesis, inflammatory response, or woimd healing. 

Illustrating the invention is the method wherein the avp3 
antagonizing effect is selected from inhibition of bone resorption. 
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inhibition of restenosis, inhibition of angiogenesis, inhibition of diabetic 
retinopathy, inhibition of maciilar degeneration, inhibition of 
atherosclerosis, inflammation, viral disease, or inhibition of tximor 
growth or metastasis. Preferably, the (xvp3 antagonizing effect is the 
5 inhibition of bone resorption* 

More particularly illustrating the invention is a 
pharmaceutical composition comprising any of the compoxmds 
described above and a pharmaceutically acceptable carrier. Another 
example of the invention is a pharmaceutical composition made by 
10 combining any of the compounds described above and a 

pharmaceutically acceptable carrier. Another illustration of the 
invention is a process for making a pharmaceutical composition 
comprising combining any of the compounds described above and a 
pharmaceutically acceptable carrier. 
15 Further illustrating the invention is a method of treating 

and/or preventing a condition mediated by antagonism of an integrin 
receptor in a mammal in need thereof, comprising administering to the 
mammal a therapeutically effective amoxmt of any of the compounds 
described above. Preferably, the condition is selected from bone 
20 resorption, osteoporosis, restenosis, diabetic retinopathy, macular 
degeneration, angiogenesis, atherosclerosis, inflammation, viral 
disease, cancer, tumor growth, and metastasis. More preferably, the 
condition is selected from osteoporosis and cancer. Most preferably, the 
condition is osteoporosis. 
25 More specifically exempUfying the invention is a method of 

eliciting an integrin antagonizing effect in a mammal in need thereof, 
comprising administering to the mammal a therapeutically effective 
amotmt of any of the compounds or any of the pharmaceutical 
compositions described above. Preferably, the integrin antagonizing 
30 effect is an av^S antagonizing effect; more speci£Lc£dly, the avp3 
antagonizing effect is selected from inhibition of bone resorption, 
inhibition of restenosis, inhibition of atherosclerosis, inhibition of 
angiogenesis, inhibition of diabetic retinopathy, inhibition of macular 
degeneration, inhibition of inflammation, inhibition of viral disease, or 
inhibition of tumor growth or metastasis. Most preferably, the avp3 
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antagonizing effect is inhibition of bone resorption. AltematLvely» the 
integrin antagonizing effect is an avp5 antagonizing effect, an avp6 
antagonizing effect, or a mixed avp3, avpd, and avp6 antagonizing 
^effect. Examples of ocv^S antagonizing effects are inhibition of 
5 restenosis, atherosclerosis, angiogenesis, diabetic retinopathy, macular 
degeneration, inflammation, viral disease, or tumor growth. Examples 
of dual avp6 antagonizing effects are inhibition of angiogenesis, 
inflammatory response and wound healing. 

Additional examples of the invention are methods of 
10 inhibiting bone resorption and of treating and/or preventing osteoporosis 
in a mammal in need thereof, comprising administering to the 
mammal a therapeutically effective amount of any of the compounds or 
any of the pharmaceutical compositions described above. 

Additional illustrations of the invention are methods of 
15 treating h3rpercalcemia of malignancy, osteopenia due to bone 

metastases, periodontal disease, hyperparathyroidism, periarticular 
erosions in rheumatoid strthritis, Paget's disease, immobilization- 
induced osteopenia, and glucocorticoid treatment in a mammal in need 
thereof, comprising administering to the mammal a therapeutically 
20 effective amount of any of the compounds or any of the phannaceuticsil 
compositions described above. 

More particularly exemplifying the invention is the use of 
any of the compounds described above in the preparation of a 
medicament for the treatment and/or prevention of osteoporosis in a 
25 mammal in need thereof. Still further exemplifying the invention is the 
use of any of the compounds described above in the preparation of a 
medicament for the treatment and/or prevention of bone resorption, 
tumor growth, cancer, restenosis, atherosclerosis, diabetic retinopathy, 
macular degeneration, inflammation, viral disease, and/or 
30 angiogenesis. 

Also exemplifying the invention are compositions further 
comprising an active ingredient selected from the group consisting of 
a.) an organic bisphosphonate or a pharmaceutically 
acceptable salt or ester thereof, 
35 b.) an estrogen receptor modulator, 
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c. ) a cytotoxic/antiproliferative agent, 

d. ) a matrix metalloproteinase inhibitor, 

e. ) an inhibitor of epidermal-dehved, fibroblast-derived, or 

platelet-daived growth factors, 
5 f.) an inhibitor of VEGF, 

g. ) an inhibitor of Flk-l/KDR, Flt-1, Tck/Tie-2, or Tie-1, 

h. ) a cathepsin K inhibitor, and 

i. ) a prenylation inhibitor, such as a famesyl transferase 

inhibitor or a geranylgeranyl transferase inhibitor or a dual 
10 famesyl/gersmylgeranyl transferase inhibitor; 

and mixtures thereof* 
(See, B. MUlauer et al., "Dominant-Negative Inhibition of Flk-1 
Suppresses the Growth of Many Tumor Types in Vivo'', Cancer 
B^gQ^rch. 56, 1615-1620 (1996), which is incorporated by reference herein 
15 in its entirety). 

Preferably, the active ingredient is selected from the group 
consisting of: 

a.) an organic bisphosphonate or a pharmaceutically 
acceptable salt or ester thereof, 
20 b.) an estrogen receptor modulator, and 

c.) a cathepsin K inhibitor; and mixtures thereof. 

Nonlimiting examples of such bisphosphonates include 
alendronate, etidronate, pamidronate, risedronate, ibandronate, and 
pharmaceutically acceptable salts and esters thereof. A particularly 
25 preferred bisphosphonate is alendronate, especially alendronate 
monosodium trihydrate. 

Nonlimiting examples of estrogen receptor modulators 
include estrogen, progesterin, estradiol, droloxifene, raloxifene, and 
tamoxifene. 

30 Nonlimiting examples of cjrtotoxic/antiproliferative sigents 

are taxol, vincristine, vinblastine, and doxorubicin. 

Cathepsin K, formerly known as cathepsin 02, is a cysteine 
protease and is described in PCT International Application Publication 
No. WO 96/13523, published May 9, 1996; U.S. Patent No. 5,501,969, 

35 issued March 3, 1996; and U.S. Patent No. 5,736,357, issued April 7, 1998, 
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all of which are incorporated by reference herein in their entirety. 
Cysteine proteases, specifically cathepsins, are linked to a number of 
disease conditions, such as tumor metastasis, inflammation, arthritis, 
and bone remodeling. At acidic pIFs, cathepsins can degrade type-I 
5 collagen. Cathepsin protease inhibitors can inhibit osteoclastic bone 
resorption by inhibiting the degradation of collagen fibers and are thus 
useful in the treatment of bone resorption diseases, such as osteoporosis. 

The present invention is also directed to combinations of the 
compounds of the present invention with one or more agents useful in 
10 the prevention or treatment of osteoporosis. For example, the 

compounds of the instant iavention may be effectively adndnistered in 
combination with effective amoimts of other agents such as an organic 
bisphosphonate,'an estrogen receptor modulator, or a cathepsin K 
inhibitor. 

15 Additional illustrations of the invention are methods of 

treating tumor growth in a mammal in need thereof, comprising 
administering to the mammal a therapeutically effective amoxmt of a 
compoimd described above and one or more agents known to be 
cytotoxic/antiproliferative. Also, the compounds of the present invention 

20 can be administered in combination with radiation therapy for treating 
tumor growth and metastasis. 

In addition, the integrin ocvpS antagonist compovmds of the 
present invention may be effectively administered in combination with a 
growth hormone secretagogue in the therapeutic or prophylactic 

25 treatment of disorders in calcitmi or phosphate metabolism and 
associated diseases. These diseaises include conditions which can 
benefit fi^m a reduction in bone resorption. A reduction in bone 
resorption should improve the balance between resorption and 
formation, reduce bone loss or residt in bone augmentation. A reduction 

30 in bone resorption can alleviate the pain associated with osteolytic 

lesions and reduce the incidence and/or growth of those lesions. These 
diseases include: osteoporosis (including estrogen deficiency, 
immobilization, glucocorticoid induced and senile), osteodystrophy, 
Paget's disease, myositis ossificans, Bechterew*s disease, malignant 

35 h]np6rcalcemia, metastatic bone disease, periodontal disease, 
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cholelithiasis, nephrolithiasis, urolithiasis, urinary calculus, 
hardening of the arteries (sclerosis), arthritis, bursitis, neuritis and 
tetany. Increased bone resorption can be accompanied by pathologically 
high calcium and phosphate concentrations in the plasma, which would 
5 be alleviated by this treatment. Similarly, the present invention wotild be 
useful in increasing bone mass in patients with growth hormone 
deficiency. Thus, preferred combinations are simultaneous or 
alternating treatments of an avp3 receptor antagonist of the present 
invention and a growth hormone secretsigogue, optionally including a 
10 third component comprising an. organic bisphosphonate, preferably 
alendronate monosodium trihydrate. 

In accordance with the method of the present invention, the 
individual components of the combination can be adnainistered 
separately at different times during the course of therapy or 
15 concurrently in divided or single combination forms. The instant 

invention is therefore to be xmderstood as embracing all such regimes of 
simultaneous or alternating treatment, and the term "administering" is 
to be interpreted accordingly. It will be understood that the scope of 
combinations of the compounds of this invention with other agents 
useful for treating integrin-mediated conditions includes in principle 
any combination with any pharmaceutical composition useful for 
treating osteoporosis. 

As used herein, the term **composition" is intended to 
encompass a product comprising the specified ingredients in the 
specified amounts, as well as any product which results, directly or 
indirectly, firom combination of the specified ingredients in the specified 
amounts* 

The compoimds of the present invention can be 
administered in such oral dosage forms as tablets, capsules (each of 
which includes sustained release or timed release formulations), pills, 
powders, granules, elixirs, tinctures, suspensions, S3rrups and 
emulsions. Likewise, they may also be administered in intravenous 
(bolus or infusion), intraperitoneal, topical (e.g., ocular eyedrop), 
subcutaneous, intramuscular or transdermal (e.g., patch) form, all 
using forms well known to those of ordinary skill in the pharmaceutical 
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arts. An effective but non-toxic amount of the compound desired can be 
employed as an avp3 antagonist. 

The dosage regimen utilizing the compounds of the present 
invention is selected in accordance with a variety of factors including 
5 type, species, age, weight, sex and medical condition of the patient; the 
severity of the condition to be treated; the route of administration; the 
renal and hepatic fimction of the patient; and the particular compound 
or salt thereof employed. An ordinarily skilled physician, veterinarian 
or clinician can readily determine and prescribe the effective amount of 
10 the drug required to prevent, counter or arrest the progress of the 
condition. 

Oral dosages of the present invention, when used for the 
indicated effects; will range between about 0,01 mg per kg of body weight 
per day (mg/kg/day) to about 100 mg/kg/day, preferably 0.01 to 10 

15 mg/kg/day, and most preferably 0,1 to 5.0 mg/kg/day. For oral 

administration, the compositions are preferably provided in the form of 
tablets containing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 100 
and 500 milligrams of the active ingredient for the symptomatic 
adjustment of the dosage to the patient to be treated. A medicament 

20 typically contains from about 0.01 mg to about 500 mg of the active 
ingredient, preferably, from about 1 mg to about 100 mg of active 
ingredient. Intravenously, the most preferred doses will range from 
about 0.1 to about 10 mg/kg/minute during a constant rate infusion. 
Advantageously, compounds of the present invention may be 

25 administered in a sin^e daily dose, or the total daily dosage may be 
administered in divided doses of two, three or foiu: times daily. 
Furthermore, preferred compounds for the present invention can be 
administered in intranasal form via topical use of suitable intranasal 
vehicles, or via transdermal routes, using those forms of transdermal 

30 skin patches well known to those of ordinary skill in the art. To be 

administered in the form of a transdermal delivery system, the dosage 
administration will, of course, be continuous rather than intermittent 
throughout the dosage regimen. 

In the methods of the present invention, the compounds 

35 herein described in detail can form the active ingredient, and are 
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typically administered in admixture with suitable pharmaceutical 
diluents, excipients or carriers (collectively referred to herein as 
'carrier' materials) suitably selected with respect to the intended form of 
administrationy that is» oral tablets, capsules, elixirs, syrups and the 
5 like, and consistent with conventional pharmaceutical practices. 

For instance, for oral administration in the form of a tablet 
or capsule, the active drug component can be combined with an oral, 
non-toxic, pharmaceutically acceptable, inert carrier such as lactose, 
starch, sucrose, glucose, methyl cellulose, magnesixmi steaiate, 

10 dicaldum phosphate, calcium sulfate, mannitol, sorbitol and the like; 
for oral administration in liqtdd form, the oral drug components can be 
combined with any oral, non-toxic, pharmaceutically acceptable inert 
carrier such as ethanol, glycerol, water and the like. Moreover, when 
desired or necessary, suitable binders, lubricants, disintegrating agents 

15 and coloring agents can also be incorporated into the mixture. Suitable 
binders include starch, gelatin, natural sugars such as glucose or beta- 
lactose, com sweeteners, natural and synthetic gums such as acacia, 
tragacanth or soditun alginate, carbo^ymethylcellulose, polyethylene 
glycol, waxes and the like. Lubricants used in these dosage forms 

20 include sodium oleate, sodium stearate, magnesium stearate, sodium 
benzoate, sodium acetate, sodium chloride and the Hke. Disintegrators 
include, without limitation, starch, methyl cellulose, agar, bentonite, 
xanthan gmn and the like. 

The compotmds of the present invention can also be 

25 administered in the form of liposome delivery systems, such as small 
unilamellar vesicles, large tmilamellar vesicles and multilamellar 
vesicles. liposomes can be formed from a variety of phosphoHpids, such 
as cholesterol, stearylamine or phosphatidylcholines. 

Compoimds of the present invention may also be delivered 

30 by the use of monoclonal antibodies as individual carriers to which the 
compound molecules are coupled. The compounds of the present 
invention may also be coupled with soluble polymers as targetable drug 
carriers. Such polymers can include pol3rvinylpyrrolidone, pyran 
copolymer, polyhydroxypropylmethacrylamide-phenol, polyhydroxy- 

35 ethylaspartamide-phenol, or polyethyleneoxide-polylysine substituted 
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with palmitoyl residues. Furthermore, the compounds of the present 
invention may be coupled to a dass of biodegradable polymers useful in 
achieving controlled release of a drug, for example, polylactic add, 
polyglycolic add, copolymers of polylactic and polyglycolic add, 
5 polyepsilon caprolactone, polyhydroxy butyric add, polyorthoesters, 
polyacetals, polydihydropyrans, polycyanoacrylates and crosalinked or 
amphipathic block copol}ntners of hydrogels. 

In the schemes and examples below, various reagent 
10 S3naibols and abbreviations have the following meanings: 



AcOH: Acetic add, 

BH3 •DMS: Borane • dimethylsvdfide. 

BOC(Boc): - t-Butyloxycarbonyl. 

BOP: Benzotriazol- l-yloxytris(dimethylandno)- 

15 phosphonium hexafluorophosphate. 

CBZCCbz): Carbobenzyloxy or benzyloxycarbonyL 

GDI: Carbonyldiimidazole. 

CH2CI2: Methylene chloride. 

CH3CN: Acetonitrile 

20 CHCI3: Chloroform. 

DBA: Bis(dibenzylidene)acetone. 

DEAD: Diethyl azodicarboxylate. 

DIAD: Diisopropyl azodicarboxylate. 
DIBAH or 

25 DIBAL-H: Diisobutylaluminum hydride. 

DIPEA: Diisopropylethylamine. 

DMAP: 4-Dimethylaminop3rridine. 

DME: 1,2-Dimethoxyethane. 

DMF: Dimethylformamide. 

30 DMSO: Dimethylsixlfoxide. 

DPPF: l,l'-bis(diphenylphosphino)ferrocene. 

DPFN: 3,5-Dimethyl-l-pyrazolylformamidine nitrate. 

EDC: l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide •HCl 

EtOAc: Ethyl acetate. 

35 EtOH: Ethanol. 
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HOAc: 


Acetic acid. 


HOAT: 


l-Hydroxy-7-azabenzotriazole 


HOBT: 


1-Hydroxybenzotriazole. 


IBCF: 


- Isobutylchloroformate 


LDA: 


Lithium diisopropylamide. 


MeOH: 


Methanol. 


MMNG 


l,l-iiiethyl-3-nitro-l-nitrosoguamdine 


NEts: 


Tnethylaimne. 


NMM: 


N-methylmorpholine. 


PCA-HCl: 


Pyrazole carboxamidine hydrochloride. 


Pd/C: 


Palladium on activated carbon catalyst. 


Ph: 


Phenyl. 


pTSA 


- p-Toluenesulfonic add. 


TEA: 


Triethylamine. 


TFA: 


Trifluoroacetic acid. 


THF: 


Tetrahydrofuran. 


TLC: 


Thin Layer Chromatography. 


TMEDA: 


N,N,N',N'-Tetramethylethylenediamine. 


TMS: 


Trimethylsilyl. 



20 The novel compounds of the present invention can be 

prepared according to the procedure of the following schemes and 
examples, xiaing appropriate materials and are further exemplified by 
the following specific examples. The compounds illustrated in the 
examples are not, however, to be construed as forming the only genxis 

25 that is considered as the invention. The following examples further 
illustrate details for the preparation of the compounds of the present 
invention. Those skilled in the art will readily understand that known 
variations of the conditions and processes of the following preparative 
procedures can be used to prepare these compoimds. All temperatures 

30 are degrees Celsius tmless otherwise noted. 

The following Schemes and Examples describe procedures 
for making representative compounds of the present invention. 
Moreover, by utilizing the procedures described in detail in PCT 
Intemational AppUcation PtibHcation Nos. WO95/32710, published 7 

35 December 1995, and W095/17397, published 29 June 1995, both of which 
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are incorporated by reference herein in their entirety, in conjunction 
with the disclosure contained herein, one of ordinary skill in the art can 
readily prepare additional compotmds of the present invention claimed 
herein. Additionally, for a general review describing the synthesis of 
5 ^alanines which can be utilized as the C-temdnus of the compoiinds of 
the present invention, see Cole, D.C, Recent Stereoselective Synthetic 
Approaces to fi-Amino Acids, Tetmhedron, 1994, 50, 9517-9582; Juaristi, 
E, et aL, Enantioselective Synthesis of p-Amino Acids, Aldrichimica 
Acta, 1994, 27, 3. In partictdar, synthesis of the 3-methyl-p-alanine is 

10 taught in Duggan, M.F. et al., J. Med. Chem., 1995, 38, 3332-3341; the 3- 
ethynyl-p-alanine is taught in Zablodri, J.A., et al., J. Med, Chem,, 1995, 
38, 2378-2394; the 3-(pyridin-3-yl)-p-alanine is taught in Rico, J.G. et al., 
J. Org. Chem., 1993, 58, 7948-7951; and the 2-amino- and 2-tosylanuno-p- 
alanines are taught in Xue, C-B, et aL, Biorg. Med. Chem. Letts., 1996, 

15 6, 339-344. The references described in this paragraph are all also 
incorporated by reference herein in their entirety. 
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l-BromQ-3-f 2.2-diethoxv-ethQxvVbenzene f 1-2) 

To a siispension of NaH (2,77 g, 115,6 mmol) in DMF (100 
mL) at 0°C was added a solution of 3-bromophenol U» in DMF (40 mL) 
over 40 min. After the addition was complete^ the solution was stirred 
5 for an additional 30 min. The solution was then treated with neat 
bromoacetaldehyde diethyl acetal (17.36 g, 115.6 mmol). The solution 
was heated at 100°C for 8 h, cooled to room temperature, and extracted 
with Et20 (3 X 200 mL), The combined organic extracts were washed 
with 10% aq. NaOH (100 mL) and brine (100 mL), dried over MgS04, 
10 filtered and concentrated to give as a yellow oil. 
TLC Rf = 0.4 (10% ethyl acetate/hexanes). 

IH NMR (300 MHz, CDCI3) 5 7.19-7.05 (m, 3H), 6,85 (d, IH), 4.81 (t, IH, 
J=6.8 Hz), 3.99 (d, 2H, J=6.8 Hz), 3.71 (m, 4H), 1,22 (t, 6H, J=7.1 Hz) 

15 e-Bromo-benzofiiran (1-3) 

To a solution of the acetal in toluene (200 mL) was added 
polyphosphoric add (20 g). The biphasic mixture was heated to 100*^0 
and stiired at this temperature for 4 h. The mixture was cooled to room 
temperature, poured onto ice, and extracted with Et20 (2 x 200 mL), The 
20 combined organic extracts were washed with saturated aq. NaHC03 and 
brine. The solution was dried over MgS04, filtered, and concentrated. 
The residue was purified by flash chromatography (100% hexanes) to 
give the product \^ as a yellow oil. 
TLC Rf = 0.3 (100% hexanes), 

IH NMR (300 MHz, CDCI3) 5 7,68 (s, IH), 7.60 (d, IH, J=2.1 Hz), 7.46 (d, 
IH, J=8.4 Hz), 7.36 (dd, IH, J=8.1, 1.5 Hz), 6.75 (dd, IH, J=7.1, 0.9 Hz). 

3-Benzofuran-6-vl-acrvlic acid ethvl ester f 1>4) 

A mixture of the 6-bromo-benzo£uran 1:3 (1.74 g, 8.79 
mmol), ethyl acrylate (1.09 g, 10,98 mmol), Pd(0Ac)2 (0.099 g, 0,44 

mmol), tri-o-tolylphosphine (0.268 g, 0.880 mmol), and sodium acetate 
(3.60 g, 43.9 mmol) in DMF (10 mL) was heated to lOO^'C in a sealed tube 
for 4 h. The mixture was cooled to room temperature, diluted with 
water, and extracted with Et20 (2 x 40 mL). The combined orgaxiic 
extracts were washed with brine (30 mL), dried over MgS04, filtered. 
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and concentrated. The residue was purified by flash chromatography 
(10% ethyl acetate/hexanes) to give the ester JdL as an off-white solid. 
TLC Rf = 0.3 (10% ethyl acetate/hexanes). 

iH NMR (300 MHz, CDCI3) 5 7.78 (d, IH, J=15.9 Hz), 7.68 (d, IH, J=2.4 
5 Hz), 7.66 (s, IH), 7.59 (d, IH, J=8.4 Hz), 7.43 (dd, IH, J=9.0, 1.5 Hz), 6.78 
(m, IH), 6.47 (d, IH, J=15.9 Hz). 4.27 (q, 2H, J=:7.2 Hz), 1.34 (t, 3H, J=7.2 
Hz). 

3(S>-Benzofuran-6-yl-3-[beiizyl-(l(R)-phenethyl)-amino]-propiomc 

10 mi gster (J,-5) _^ 

A solution of N-benzyl-a-(R)-methylbenzylaniine (1.32 g, 6.30 
mmpl) in THF (25 mL) at 0°C was treated with n-BuId (2.52 mL of a 2.5 M 
soln ia hexanes). The resulting solution was stirred at 0°C for 30 min 
and then cooled to -78°C. A solution of acrylate 14 (0.681 g, 3.15 mmol) in 

15 THF (5 mL) was added. After stirring for 15 min at -78''C, satd. aq. 

NH4CI sola (5 mL) was added and the cold bath removed. The mixture 
was warmed to room temperature and extracted with Et20 (2 x 40 mL). . 
The combined organic extracts were washed with brine (30 mL), dried 
over MgS04, filtered, and concentrated. The residue was purified by 

20 flash chromatography (10% ethyl acetate/hexanes) to give the P- 
aminoester 1^ as a yellow oil. 
TLC Rf = 0.8 (10% ethanol/dichloromethane). 

iH NMR (300 MHz, CDCI3) 5 7.58 (m, 3H), 7.41 (m, 2H), 7.22 (m, 9H), 7.59 
(s, IH), 4.58 (m, IH), 4.05 (m, IH), 3.91 (q, 2H, J=7.1 Hz), 3.72 (m, 2H), 
25 2.62 (m, 2H), 1.21 (d, 3H, J=7.2 Hz), L03 (t, 3H, J=7.1 Hz). 

3ftS)-Amino-3-f2.3-dihvdrn-bflnzofiiraTi-fi- vl)-proDionic acid ethvl eater 
(1-6) 

A mixttire of the dibenzylamine icS (1.19 g, 2.78 mmol) in 
30 EtOH/H20/AcOH (26 mL/3 mL/1.0 mL) was degassed with argon and 
treated with Pd(0H)2 (1.19 g). The mixture was placed under 1 atm of 
H2. After stirring for 18 h, the mixture was diluted with EtOAc, and 
filtered through celite. The filtrate was concentrated and the residue 
purified by flash chromatography (10% ethyl acetate/dichloromethane) to 
35 give the ester !;£ as a white solid. 
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TLC Rf = 0.25 (10% ethanol/dichloromethane). 
iH NMR (300 MHz, CD3OD) as the tiifluoroacetate salt: 5 7.25 (d, IH, 
J=8.1 Hz), 6.88 (m, IH), 7.66 (s, IH), 6.82 (s, IH), 4.58 (m, 3H), 4.12 (m, 
2H), 3.30 (m, IH), 3.19 (m, 2H), 2.98 (m, 2H), 1.11 (t, 3H, J=7.2 Hz). 




OH + HCl«roi^ 
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4-Oxo-T)ftntenoic acid methoxv-met hvl-amide (2-1) 

To a stirred solution of levulinic add (30 g, 0.258 mol) in 
5 CHCI3 (850 mL) at O^C was added triethylamine (43.2 mL, 0.310 mol), 

followed by isobutyl chloroformate (37 mL, 0.284 mol) over 15 minutes, 
• After 30 minutes, triethylamine (57.6 mL, 0.413 mol) was added, followed 
by N,0-dimethylhydroxylamine hydrochloride (37.8 g, 0.387 mol) in 5 
portions over 5 minutes. Vigorous bubbling ensued, and the mixture 
10 was allowed to warm to RT and stirred for 1 h. The mixture was 

reduced to a moist soUd by rotary evaporation under reduced pressure, 
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sliirried in 500 mL EtOAc, washed with 10% K2CO3, brine, and dried 
over Na2S04. Evaporative removal of the solvent gave 2Jl as a yellow oil. 
TLC Rf = 0.42 (silica,!: 1 chloroform/ethyl acetate). 
iH NMR (300 MHz, CDCI3) 5 3.74 (s, 3H), 3.18 (s, 3H), 2.65-2.95 (m, 4H), 
5 2.21 (s, 3H). 

N-methoxv-N-methvl-3-f2-methvI-ri.31dioxolan-2-vlVDropiQ namid6 (2-2) 
To a solution of 2:1 (38 g, 0.239 mol) in 500 mL benzene was 
added ethylene glycol (17.3 mL, 0.310 mol) and p-toluenesulfonic add (1 
10 g). The mixture was heated at reflux for 2 h with azeotropic removal of 
water. After cooling, the solution was washed with 200 mL sat. 
NaHCOs, brine, and dried over Na2S04. Evaporative removal of the 

solvent gave 2-2 "as a yellow oil. 
TLC Rf = 0.62 (silica, ethyl acetate). 
15 iH NMR (300 MHz, CDC!l3) 6 3.95 (m, 4H), 3.68 (s, 3H), 3. 17 (s, 3H), 2.5 1 
(t, 2H, J=8 Hz), 2.00 (t, 3H, J=6 Hz) 1.33 (S, 3H). 

3-(2-Methvl-ri.31dioxolan-2-vlVDroDionaldehvde(2-3> 

To a solution of 2^ (44.74 g, 0.22 mol) in 400 mL THF at 

20 -78''C was added DIBAL (264 mL 1 M in hexanes, 0.264 mol) over 10 
minutes. After stirring for 1 h, 350 ml of 1.0 M RocheUe's salt and 300 
ml ether were added followed by the removal of the cooling bath. After 
stirring for 1 h, the organic portion was separated and dried over 
Na2S04. Evaporative removal of the solvent gave 2^ as a colorless oil. 

25 TLC Rf = 0.80 (siUca, ethyl acetate). 

iH NMR (300 MHz, CDCI3) 5 9.73 (s, IH), 3.50 (d, IH, J=16 Hz), 2.61 (d, 
IH, J=21 Hz), 2.48 (m, IH), 2.07 (t, IH, J= 7H), 1.33 (s, 3H). 

r3-(2-Methvl-ri.31dioxolan-2-vn-propvlamino 1-acetic arid ethvl ester (2-4) 
30 . To a solution of (31.7 g, 0.22 mol) in 1000 mL 1,2- 

dichloroetiiane at 0*'C were added glycine ethyl ester hydrochloride (61.5 
g, 0.44 mol), triethylamine (107 mL, 0.77 mol), and NaB(0Ac)3H (65.3 g, 

0.308 mol). The mixture was allowed to warm to RT and stirred for 15 h. 
The mixture was evaporated to one-third its initial volume, diluted with 
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EtOAc and then washed with 10% K2CO3, brine, and dried over Na2S04. 
Following evaporative removal of the solvent, the residue was 
chromatographed (siHca gel, 1:1 chloroform/ethyl acetate followed by 5% 
MeOB/ethyl acetate) to give 2^ as a yellow oil. 
5 TLC Rf = 0.40 (silica, ethyl acetate). 

iH NMR (300 MHz, CDCI3) 5 6.01 (br s, IH), 4.21 (m, 3H), 4.03 (d, IH, J=5 
Hz), 3.93 (m, 4H), 2.62 (t, 2H, J=8 Hz), 1.53-1.67 (m, 4H), 1.29 (m, 6H). 

{Tert-butoxvcarbonvl-r3-f2-methvl-fl.aidioxQlan-2-vlVpropvn.aminnU 

10 acetic add ethvl ester (2-5) 

To a solution of M (24 g, 0.104 mol) in 100 mL THF were 
added a trace of DMAP, 20 drops of tiiethylamine, and BOC2O (23.8 g, 

0.109 mol). After 4 h, evaporative removal of the solvent gave 2^ aa a 
colorless oil. 

15 TLC Rf = 0.38 (sihca, 30% ethyl acetate/hexane). 

iR NMR (300 MHz, CDCI3, mixture of rotamers) 6 4.22 (m, 3H), 3.93 (m, 

4H), 3.27 (m, 2H), 1.63 (m, 4H), 1.51 (s, 3H), 1.47 (s, 3H), 1.42 (s, 3H), 1.31 
(s, 3H), 1.28 (m, 4H). 

20 rTert-butoxvcarbonvl-(4-Qxo-pentvn-«Tninft1-arrAtic acid eth vl ester (2-6) 

To a solution of 2^ (35 g, 0.1 mol) in 600 mL acetone was 
added p-toluenesulfonic add (1 g). The mixture was heated at reflux for 
2 h. After cooling, the mixture was evaporated to one-fifth its initial 
volume, diluted with EtOAc and then washed with sat. NaHCOs, brine, 

25 and dried over Na2S04. Evaporative removal of the solvent gave 2^ as a 
yellow oil. 

TLC Rf = 0.31 (silica, 30% ethyl acetate/hexane). 
iH NMR (300 MHz, CDCI3, mixture of rotamers) 5 4.20 (m, 2H), 3.92 (s, 
0.85H), 3.83 (s, 1.15 H), 3.3 (m, 2H), 2.52 (m, 2H), 2.14 (s, 3H), 1.78 (m, 
30 . 2H), 1.51-1.42 (3s, 9H), 1.28 (m, 3H). 

rTert-butoxvcarbonvl-(3-ri.81naphthvridin.2-vl-prQPvl)-«minn1.wr«>f:ir> 
ethvi ester (2-7) 
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A solution of 2di (28 g, 97.4 mmol), 2-ainmo-3 formylpyridine 
(15.5 g, 127 mmol), proline (11.2 g, 97.4 mmol) in ethanol (250 mL) was 
heated at reflux for 15 h. After cooling and evaporation, the residue was 
chromatographed (silica gel,"l:l chloroform/ethyl acetate) to give 2-7 as a 
5 yellow oil. 

TLC Rf = 0.41 (silica, 70:25:5 chloroform/ethyl acetate/methanol) 
IH NMR (300 MHz, CDaa) 5 9.09 (m, IH), 8.14 (m, 2H), 7.43 (m, 2H), 4.17 
(q, 2H, 7 Hz), 3.9 (2s, 2H), 3.43 (q, 2H, J=7 Hz), 3.07 (m, 2H), 2.18 (m, 2H), 
1.42 (s, 9H), 1.25 (m, 3H). 

10 

(Tert-butoxvcarbonvl-r3-f5.6.7.8-tetrahvdr o-ri.81naphthvridin-2-vIV 

nronvn-amino)-acetic acid e thvl ester (2-8) 

A solution of2zL (24.3 g, 65.1 mmol), platinum oxide (4 g) 

and ethanol (130 mL) was stirred under a balloon of hydrogen gas for 6 
15 h. Following filtration and evaporation, the residue was 

chromatographed (silica gel, ethyl acetate) to give ^ as a yellow oil. 

TLC Rf = 0.35 (silica, 70:25:5 chloroform/ethyl acetate/methanol) 

iH NMR (300 MHz, CDQa) 5 7.05 (d, IH, J=6 Hz), 6.37 (m, IH), 4.74 (brs, 

IH), 4.18 (q, 2H, J=7 Hz), 3.9 (2s, 2H), 3.32 (m, 4H), 2.63 (m, 2H), 2.51 (m, 
20 2H), 2.72 (m, 4H), 1.43 (m, 9H), 1.26 (m, 3H). 

rfMethoxv-methvl-carbamovn-meihvn-r3 -f5.6.7.8-tetrahvdro. 
ri.81naphthvridin-2-vl)-propvn-carbamic acid tert-butvl ester (2-9) 

To a solution of (1.49 g, 3.96 mmol) in ethanol (8 mL) was 
added NaOH (4.36 mL IM solution in water, 4.36 mmol). After stirring 
for 1 h at 50°C, HQ (4.75 mL of a IM solution in water, 4.75 mmol) was 
added, and the mixture evaporated to give an oily residue. The residue 
was evaporated from ethanol three times, and then from acetonitrile 
three times, producing a yellow crusty solid which was dried under a 
vacuum of <2 mm Hg for 2 h. This residue was then slurried in 
chloroform (15 mL), and triethylamine (2.75 mL, 19.8 mmol), N,0- 
dimethylhydroj^lamine hydrochloride (0.772 g, 7.92 mmol), HOBT (Ig) 
and EDO (0.91 g, 4.75 mmol) were added. After stirring for 15 h, the 
mixture was evaporated to dryness, the residue slurried in EtOAc, 
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washed with sat. NaHCOa, brine, and dried over Na2S04. Evaporative 

removal of the solvent gave 2^ as a yellow oil. 

TLC Rf = 0.49 (silica, 70:25:5 chloroform /ethyl acetate /methanol) 

iH NMR (300 MHz, CDCI3) 5 7.05 (m, IH), 6.38 (m, IH), 4.81 (br s, IH), 

5 3.69, m, 3H), 3.37 (m, 4H), 3.18 (s, 3H), 2.64 (m, 2H), 2.53 (m, 2H), 1.88 (m, 
4H), 1.44 (m, 9H). 

{Ter1>butoxvcarbonvl-r3-(5.6.7.R-tetrahvdro-ri.81naphthvridin-2-v1V 
pmnvn-aintnn>-aretaldehvde (2-9A^ 

10 To a stirred solution of 2£ (H O g, 28.0 mmol) and THF (300 

ml) at -780C was added DIBAL (l.OM/hexanes, 42 ml, 42 mmol) dropwise 
over 20 minutes. After 1.0 hour, 300 ml of 1.0 M RocheUe's salt was 
added followed by the removal of the cooling bath. The nuxture was 
stirred for 1.0 hour and then diluted wilh Et20. After 30 minutes of 

15 stirring, the organic portion was separated and dried over MgS04. 
Evaporative removal of the solvent gave crude aldehyde 2-9A as a 
colorless oil. 

TLC Rf = 0.34 (silica,75:25:5 chloroform /EtOAc/MeOH). 

20 3fS)-(2-(Tert-butoxvcarbonvl-r3-(5.6.7.8-t6t rahvdrQ-ri.81naphthvridin.2. 
vl)-prQPvIl-amino)-ethv1amino)-3-f2.3-dihvdro-ben2Qfiirap .6-vlVpropionic 
and ethvl ester (2-10) 

A mixture of the crude aldehyde 2-9A (9.1 mmol), M (3.2 g, 
11.8 mmol), powdered molecular sieves (3 g) and DCE (100 mL) was 

25 stirred for 30 minutes. The mixtiure was cooled to OoC and then 

NaB(0Ac)3H (2.7 g, 12.7 mmol) was added. After 1 hour, the reaction 
was diluted with EtOAc and then washed with 10% K2CO3, brine, and 
dried over MgS04. Following evaporative removal of the solvent, the 
residue was chromatographed (silica gel, 1-3% [10:10:1 EtOH/ NH4OH/ 

30 H2O]/50:50 chloroform /ethyl acetate) to give 2-10 as a yellow oil. 

■ TLC Rf = 0.23 (siUca, 5% [10:10:1 EtOH/ NH40H/ H2O]/50:50 chloroform 
/ethyl acetate) 

iH NMR (300 MHz, CDQs) 8 7.10 (d, J=7.6 Hz, IH), 7.04 (d, J=7.3 Hz, IH), 
6.75 (m, 2H), 6.31 (d, J=7.3 Hz, IH), 4.76 (s, IH), 4.55 (t, J=8.6 Hz, 2H), 4.08 
35 (m,2H), 4.00 (t, J=6. 1 Hz, IH), 3.41 (m, 2H), 3.16 (m, 6H), 2.68 (t, J=6.4 Hz, 
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IH), 2.59 (m, 3H), 2.48 (t, J=7.6 Hz, 2H), 1.81 (m, 4H), 1.39 (s, 9H), 1.21 (m, 
3H). 

3(SVr2.3-Pihvdro-beDzofuran.6-vlV3.(2-r 3.(5.6.7.8.tetrahvdro- 
5 ri.81naphthvridin-2-vn-DroDvlamino1-ft»>iv1«nninol-propionic acid ethvl 

HCl gas was rapidly bubbled through a solution of 2-10 (4.0 
g, 7.2 mmol) in dioxane (160 ml) at OoC for 10 minutes. After 30 minutes, 
the solution was purged with argon for 30 minutes. The solution was 
10 concentrated to give the amine 2-11 as a yellow solid. 

iH NMR (300 MHz, CDCI3) 8 7.91 (s, IH), 7,40 (d, J=7.0 Hz, IH), 7.23 (d, 
J=7.6 Hz, IH), 7.10 (m,2H), 6.56 (d, J=6.1 Hz, IH), 4.58 (m, 2H), 4.04 
(m,2H), 3.49 (m,'4H), 3.19 (m, 4H), 2.90 (m, 2H), 2.79 (m, 2H), 2.30 (m, 
2H), 1.98(m, 2H), 1.85 (m, 5H), 1.15 (t, J=7.1 Hz, 3H). 

15 

3(S)-(2.3-Dihvdro.benzofiiran-6-vl).3.l2 -oxo-3-r3-(5.6.7.8-tetrahvdro. 
ri.81iiaphthYridin-2-vl)-propvn-imidazolidin-l.vI)-propiomc add athvl 

es te r (2-i ; j) 

To a stirred mixture of ML (118 miool), CH2Cn2 (3 mL) and 
20 20% K2CO3 was added phosgene (1.93 M toluene, 6.7 ml, 13.0 mmol) 

dropwise over 20 minutes. After stirring for 30 minutes, the organic 
layer was separated and dried over MgS04. Following evaporative 

removal of the solvent, the residue was chromatographed (silica gel, 5- 
10% methanol /ethyl acetate) to give 2-12 as a yellow oil. 

25 TLC Rf = 0.25 (silica, 70:20:10 chloroform /ethyl acetate /methanol) 

iH NMR (300 MHz, CDCI3) 5 7.12 (d, J=7.6 Hz, IH), 7.02 (d, J=7.3 Hz, IH), 
6.80 (d, J=7.6 Hz, IH), 6.70 (s, IH), 6.34 (d, J=7.3 Hz, IH), 5.46 (t, J=7.9 Hz, 
IH), 4.74 (s, IH), 4.55 (t, J=8.9 Hz,2H), 4.10 (q, J=7.3 Hz, 2H), 3.41 (m, 
2H), 3.21 (m, 6H), 2.95 (m,3H), 2.67(t, J=6.1 Hz, 2H), 2.52 (t, J=7.6 Hz, 

30 . 2H), 1.88 (m, 5H), 1.20 (t, J=7.3 Hz, 3H). 

3fS)-(2.3-Dihvdro-bepzofuran-6.vIVa-f2- oxQ-3-r3-(5.6.7.8-tetrahvdrQ- 
ri.81waphthvTidin-2-vl)-propvn-imidazoKdin-l- vl)-propionic acid (2-13) 
To a solution of (2.9g, 6.06 mmol) in EtOH (15 mL) was 
35 added IN NaOH (7.2 ml,7.2 mmol). After stirring for 2 h, the solvents 
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were evaporated and the residue chromatographed (silica gel, 25:10:1:1 
followed by 15:10:1:1 ethyl acetate /EtOH /water /NH4OH) to give gj^ as a 
white solid. 

TLC Rf = 0.24 (15:10:1:1 ethyl acetate^tOH/water/NH40H). 
5 iH NMR (300 MHz, CD3OD) 6 7.55 (d, J=7.3 Hz, IH), 7. 18 (d, J=7.6 Hz, 
IH), 6.81 (d, J=6.1 Hz, IH), 6.72 (s, IH), 6.62 (d, J=7.3 Hz, IH), 5.38 (t, 
J=7.9 Hz, IH), 4.53 (t, J=8.9 Hz,2H), 3.14 ^ 3.53 (9H), 2.97 (m, 3H),2.80 (t, 
J=6.1 Hz, 2H), 2.67 (t, J=7.3 Hz, 2H), 1.93 (in,4H). 
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SCHEMES 




1 . Pcl(OH)2, Hg, 
EtOH, HOAc, H2O 



2. HCI, ether 




COgEt 
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5 

Ethvi 3-fluoroci3;iiiflTnflt;p (,^-9) 

To a solution of B-fluorobenzaldehyde 3£L (18.16 g, 146 mmol) 
in dichloromethane (500 mL) was added ethyl 

10 (triphenylphosphoranylidene)acetate (61.2 g; 176 mmol) and the 
resulting solution was stirred at room temperature for 18 hr. After 
evaporation of the solvent^ the residue was swirled with ether/hexane 
and filtered. The filtrate was concentrated and then purified on a plug of 
silica gel eluting with hexane/EtOAc 9:1. Removal of the solvent 

15 afforded the title compound ^ as an oil (-95% trans) which was used 
without further purification in the next step. 

■^H NMR (300 MHz, CDQg) 8 1.36 (3H, t), 4.28 (2H, q), 6.43 (IH, d), 7.08 
(IH, m), 7,2-7.4 (3H, m), 7.64 (IH, d). 

20 N-Benzvl-fR)-a-methvlbenzvl-3fS)-fluQ rophenvl-B-alanine ethvl ester (3-3) 

To a solution of N-benzyl-(R)-a-methylbenzylamine (33.4 g, 
158 mmol) in THF (450 mL) at 0°C was added n-butyffithium (1.6M in 
hexanes; 99 mL, 158 mmol). The dark violet solution was stirred at 0**C 
for 30 minutes, cooled to -78**C, and the ester 3:^ (29.2 g, 150 mmol) in 

25 THF (100 mL) was added over 5 minutes. The resulting solution was 
stirred at -78*^0 for 1 hr., then warmed to room temperature. After 2 
hrs, the mixture was poured into water and extracted with EtOAc, 
washed with water, then brine, dried and concentrated in vacuo to give 
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an oil. Column chromatography (silica gel; hexane/EtOAc 1:1 then pure 
EtOAc) gave the title compound 

NMR (300 MHz, CDClg) 5 1.06 (3H, t), 1.28 (3H, d), 2.52 (IH, dd), 2.62 

(IH, dd), 3.66 (IH, d), 3.72 (IH, d), 3.95 (2H, q), 4.44 (IH, dd), 6.95 (IH, m), 
5 7.1-7.5 (13H, m). 

3fS)-Fluorophenvl-B-alamne ethvl ester hydrochloride (3-4) 

A solution of the N-benzyl-(R)-a-methylbenzylamine ^ 

(28.2 g, 69.6 mmol) in ethanol (300 mL), acetic acid (30 mL) and water (3 
10 mL) was degassed with argon for 30 minutes. Fd(0H)2 on carbon (20% 

dry wei^t; 2.6 g) was added and the mixture then stirred under a 
hydrogen atmosphere (balloon) for 2 hours. The mixture was filtered 
throu^ celite and the solvent removed in vacuo to give an oil. This oil 
was dissolved in 200 mL ether, and to this solution was added 60 mL IN 
15 HCl in ether to yield a precipitate. Filtration and washing the solid with 
ether/hexane gave the title compoxmd ^ as a white solid. 
% NMR (300 MHz, CDgOD) 5 1.21 (3H, t), 3.0-3.2 (2H, m), 4.16 (2H, q). 

4.76 (IH, t), 7.2-7.35 (3H, m), 7.5 (IH, m). 

20 3fS)-(3-Fluorophenvl)-3-(2-oxo-3-r3-(5.6.7 .8-t6trahvdro-ri.81naphthvridin- 
2-vl)-proPvll-imida7olidin-1-vl)-propionic acid (3-5) 

Compoimd St^ was prepared from ^ using the procedure 
for the preparation of 2-13 . 

TLC Rf = 0.36 (15:10:1:1 ethyl acetate/EtOH/water/NH40H). 
25 iH NMR (300 MHz, CD3OD) 5 7.41 (m, 2H), 7.09 (m, 3H), 6.54 (d, IH, 

J=8.2 Hz), 5.48 (m, IH), 3.51 (m, 2H), 3.46 (m, 3H), 3.23 (m, 2H), 2.94 (m, 
2H), 2.81 (m, 4H), 2.63 (m, 2H), 1.93 (m, 2H), 1.19 (m, 2H, J=5.1 Hz). 
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Penicillin Amidase 
(EC 3.5.1.11) 
pH = 7.8, H2O 
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3-Quinolin-3-vl-proDionic acid (4-2). 

A solution containing qxiinoline-3-carboxaldehyde ^ (5 g, 
31.8 xnmol), malonic acid (3.6 g, 35.0 mmol), and ammonium acetate (5.0 
5 g, 63,6 mmol) in anhydrous ethanol (125 mL) was heated at reflux for 12 
h. After cooUng to room temperattire, the resulting white soUd was 
collected by filtration and washed with cold ethanol (150 mL) and then 
dried under vacuum to provide as a white solid (3.84 g, 17.8 mmol, 
56%). 

10 iH NMR (300 MHz, D2O): 5 8.91 (d, J = 2 Hz IH), 8.21 (d, J = 2 Hz, IH), 
8.12 (d, J = 8 Hz, IH), 7.84 (d, J = 7 Hz, IH), 7.72 (t, J = 7 Hz, IH), 7.54 
(t, J = 7 Hz, 1,H), 4.72 (m, IH), 2.73 (m, 2H). 



3-Phenv1arfttv1aTnino-3-auinolin-3-vl-Dmpinnic (4-3) 
15 A 0*^0 solution of 4^ (3.5 g, 16.2 mmol) and NaHC03 (2.7 g, 

32.4 mmol) in 50% aqueous dioxane (100 xdL) was treated dropwise with 
a solution of phenylacetyl chloride (3.00 g, 19.4 mmol) in 25 mL of 
dioxane. The resulting solution was stirred at O^C for 2.5h., then 
warmed to room temperature, diluted with H2O (50 mL) and washed 

20 with ether (2 x 100 mL). The aqueous layer was adjusted to pH = 3 with 
. 3N HCl and then extracted with CH2CI2 (3 x 150 mL). The pooled organic 

extracts were dried, filtered and concentrated to afford ^ as an o£f- 
white soUd. 

IH NMR (300 MHz, CD3OD): 5 8.85 (d, J = 2 Hz IH), 8.20 (d, J = 2 Hz, IH), 
25 8.00 (d, J = 8 Hz, IH), 7.86 (d, J = 7 Hz, IH), 7.76 (t, J = 7 Hz, IH), 7.52 (t, J 
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= 7 Hz, 1,H), 7.28 (m, 6H), 5.53 (t, J = 6.8 Hz, IH), 3.57 (s, 2H), 2. 96 (m, 
2H). 

a-fSVQuinolin-S-vl-propionic acid dihvdro chloride (4*6) 
5 Add ^ (5.0 g, 15 mmol) was suspended in water (3.5 L), 

then treated with IN NaOH (15 mL) to aflford a dear solution. Penicillin 
amidase (Sigma, EC 3.5.1.11, 10,000 U) in 0.1 M phosphate buffer was 
added. The pH of the mixture was adjusted to 7.8 with IN NaOH, and 
the solution was stirred at room temperature for 4 days. The reaction 
10 was monitored periodically by HPLC and the reaction stopped once the 
50% conversion was reached. Next, the reaction solution was cooled to 
0*^0 and aci^usted to pH = 3 with 3N HCl. An oily yellow predpitate 
formed and wasxoUected by filtration then washed with water to afford 
crude ^ (1.8 g, 5.3 mmol). The filtrate was extracted with CH2CI2 (3 x 

15 500 mL) to afford additional ^ contaminated by phenylacetic add. Both 
batches of crude ^ were combined and stirred in 3 N HCl (200 mL) at 
50^* for 12 h., then cooled, washed with ether (2 x 100 mL) and evaporated 
to afford^. 

20 3>fS)-Qtdnolin-3-vl-proDiQnic add ethvl ester dihvdrochloride (4-7). 

The resolved add ^ was converted to 42 by refluxing in 
ethanolic HCl. 

iH NMR (300 MHz CD3OD): 5 9.25 (d, J = 2 Hz IH), 8.31 (d, J = 2 Hz, IH), 
8.15 (d, J = 8 Hz, IH), 7.84 (d, J =7 Hz, IH), 7.72 (t, J = 7 Hz, IH), 7.54 (t, J 
25 = 7 Hz, 1,H), 4.72 (m, IH), 4.15 (q, J = 6 Hz, 2H), 2.73 (m, 2H) 1.18 (t, J= 6 
Hz, 3H). 

3fS)4Qiiinolin>3-vlV342-oxo-3-r3-f5.6.7 .8-tetrahvdro-ri,81naph^ 

Yl)-proPYl1-fTnidfl?ioMffi-l.-Yl}-prQpjiomc acid (4-8), 

30 Compound^iifil was prepared from 4J1 using the procedure 

for the preparation of 2-13 . 

IH NMR (300 MHz, CD3OD) 5 8.83 (m, IH), 8.32 (m, IH), 8,02 (m, 2H), 
7.78 (m, IH), 7.63 (m, IH), 7.43 (d, IH, J=7.3 Hz), 6.57 (d, IH, J=7.3 Hz), 
5.76 (m, IH), 3.73 (q, IH, J=:8.2 Hz), 3,48 (m, 3H), 3.32 (m, 4H), 3.17 (m, 
35 2H), 2.95 (m, IH), 2.84-2.62 (, 6H), 2.10 (m, IH), 1.88 (m, 3H). 
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SCHEME S 



X2HCI 




5zl 



OEt 




10 



3fSV(Pvridm-3-vl)-3-(2-oxo-3-r345.6.7.{^tetr ahvdro-ri.81naphthvridin-2- 
vD-proPYn-imidazolidin-l-vD-pmnionic arid 

Compound^^ was prepared from 5il (for preparation, see 
Zablocki et al., J. Med. Chem . 1995, 38, 2378) using the procedure for the 
preparation of 2-13 . 

IH NMR (300 MHz, CD3OD) 5 8.54 (m, IH), 8.47 (m, IH), 7.85 (d, IH, 
J=7.9 Hz), 7.46 (m, 2H), 6.55 (d, IH, J=7.3 Hz), 5.57 (m, IH), 3.63 (m, 2H), 
3.46 (m, 3H), 3.18 (m, 2H), 3.01 (m, 2H), 2.77 (m, 4H), 2.60 (m, 2H), 2.05 
(m, IH), 1.93 (m, 3H). 

TLC (sihca): Rf=0.09 (15 EtOAc^lO EtOH/1 NH4OH/H2O) 



- 103- 



wo 99/31099 



PCT/US98/26568 



SCHEME 6 



o 




proline, EtOH; 
then BOC2Q 
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SCHEME fi (nONTTNTTRD^ 




6-11 
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6-11 



aq. NaHCOs 
COCl2.CHaCl2 



NaOH 



SCHEME 6 f CONTINTJRD) 




6-12 




6-13 



H,C 



The imidazolidine-ring methylated compound 6-13 was 
prepared using the procedure described in Scheme 2 by replacing the 
5 glycine ethyl ester with alanine ethyl ester. 

In further embodiments, other imidazolidine-ring 
substituted systems are prepared using the procedure described in 
Scheme 2 by employing the desired naturally-occurring or non- 
naturally-occurring amino add. 

10 
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MeO 



SCHEME 7 

Br2.KBr,K0H 
H2O 



Pcl(OAc)2, EtgN, 
tri-o-tolylphosphine 
ethyl acrylate, CH3CN 




MeO 




H '^S 
1. VVcO^Et 



Me 



2. nBuLi, THF 

3. NH4CI, HgO ' 



MeO 2:4 



Pd(0H)2, H2, 1 ^OaEt 

BOH. HOAc, H2O 




MeO jj^ 
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MeO 



NaCNBHa, HOAc 
NaOAc, 4A selves 
l-PrOH 



HCI, EtOAc 



O 



>-CI 

o 




MeO 




MeO 



DIPEA, DMAP 

CH2CICH2CI y,Q 




OEt 



MeO 




NaOH O _ _ 

MeOH.H20 H A X X 
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5-Bromo-2-methoxvpvridine f 7-2) 

To a solution of KOH (4.2 g, 0.075 mol) in water (750 mL) was 
added 2-methoxypyridine M (16.4 g, 0.15 mol) followed by a dropwise 
addition of bromine (24 g, 0.15 mol) in IN aqueous KBr (750 mL), and the 
5 resulting solution was stirred at room temperature for 5 hr. Solid 
NaHCOs was added until basic, and the solution was extracted with 
CHCI3 (3x500 mL). The organic layer was washed with 10% NaHSOa, 
then brine, dried over Na2S04, filtered and the solvent removed in vacuo. 
The resulting dark brown oil was predominantly the desired compound 
10 7^ and was used as such in the next step. 

% NMR (300 MHz, CDCI3) 5 3.91 (3H, s), 6.66 (IH, d), 7.62 (IH, dd), 8.20 
(IH, d). 

Ethvl 3-(6-methoxvDvridin-3-vl)acrvlate (7-3) 
X5 A solution of the 5-bromo-2-methoxypyridine 2^ (74.3 g, 0.4 

mol), ethyl acrylate (150 mL, 1.4 mol), triethylamine (150 mL, 1.08 mol), 
palladitun acetate (10 g, 0.045 mol) and tri-o-tolylphosphine (20 g, 0.066 
mol) in 100 mL acetonitrile was degassed with argon for 10 minutes. 
The mixture is heated at 90°C for 12 hr, then the volatiles were removed 
20 iDL vacuo. Toluene (300 mL) was added and the mixture concentrated 
again. Diethyl ether (300 mL) was added and the mixture filtered 
through a pad of silica gel eluting with 800 mL of diethyl ether. After 
removal of the diethyl ether, the residue was chromatographed on silica 
gel eluting with EtOAc/hexane 1:19 then 1:14 then 1:9 to give 7^3 as a 

yellow solid. 

% NMR (300 MHz, CDCI3) 5 1.34 (3H, t), 3.97 (3H, s), 4.26 (2H, q), 6.34 
(IH, d),6.76 (IH, d), 7.63 (IH, d), 7.77 (IH, dd),8.27 (IH, d). 

N-Benzvl4RVa-methvlben2vl-3fSW6-methQxvpvridin-3-vl)-p-alanine 
ethvl ester (7-4) 

To a solution of N-ben2yl-(R)-a-methylbenzylainine (97.5 g, 
462 mmol) in THF (750 mL) at O^C was added n-butyllithixma (2.5M in 
hexanes; 178.5 mL, 446 mmol). The dark violet solution was stirred at 
O'^C for 20 minutes, cooled to -78*'C and the ester 
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Zifi (63.7 g, 308 mmol) in THF (250 mL) was added over 60 minutes. The 
residting solution was stirred at -78°C for 1 hr., then cannulated into 
saturated NH4CI and extracted with EtOAc, washed with water then 

brine, dried and concentrated^n vacuo to give an oil. Column 
5 chromatography (silica gel; hexane/EtOAc 9:1 then 4:1) gave 7-4 as an oil 
contaminated with N-benzyl-(R)-a-methylbenzylaniine. This oil was 
taken up in 5% AcOH in water and extracted with diethyl ether (4x). The 
organic layers were dried over MgS04 and the solvent removed to give 

the title compound 2:^. 
10 NMR (300 MHz, CDag) 5 1.08 (3H, t), 1.27 (3H, d), 2.52 (IH, dd), 2.62 

(IH, dd), 3.66 (IH, d), 3.70 (IH, d), 3.93 (3H, s), 3.95 (2H, m), 4.41 (IH, dd), 
6.74 (IH, d), 7.15.7.45 (lOH, m), 7.64 (IH, dd), 8.15 (IH, d). 

3(SV(6-methoxvpvridin-3-vl)-B-alanine ethvl ester (7-5) 

15 To a degassed (argon) solution of ttie ester M (70 g) in EtOH 

(250 mL), HOAc (25 mL) and water (2 mL) was added 20% Pd(0H)2 on 

carbon. The mixture was placed under hydrogen using a balloon and 
the resulting mixture was stirred for 24 hr. After filtration through 
celite (washing with EtOAc), the solvent was removed in vacuo to afford 

20 a waxy solid. This was dissolved in 200 mL water and extracted with 
diethyl ether (2x200 mL). The aqueous layer was then treated with solid 
K2CO3 until fiilly saturated and extracted with EtOAc (4x200 mL). After 
drying over MgS04, the solvent was removed in vacuo to give the title 
compound as an oil which solidified in the freezer. 

25 NMR (300 MHz, CDag) 5 1.23 (3H, t), 2.61 (IH, dd), 2.68 (IH, dd), 3.92 

(3H, s), 4.15 (2H, q), 4.41 (IH, dd), 6.93 (IH, d), 7.62 (IH, dd), 8.13 (IH, d). 

3(i5)-(3-(tert-BtttQ?^yc^OMVr3-f5,6J,8-tetrah 

nronv11-amTno}-ethv1amina)-3-f2-methoxvpvri din-5-vl)-proDiomc acid 
30 ' ethvl ester (7-6) 

To a solution of the amine M (6.85 g, 30.5 mmol) in 2- 
propanol (300 mL) at room temperature was added acetic add (1.75 mL, 
30.5 mmol), NaOAc (24.6 g, 0.3 mol) and Ak molecular sieves (5 g). The 
aldehyde 2-9A (8.1 g, 24.3 mmol) in 2-propanol (150 mL) was added and 
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the mixture stirred for 15 minutes, then cooled to 0°C and NaCNBHs 
(5.66 g, 90 mmol) added in one lot. The restilting mixture was allowed to 
warm to room temperature and stirred for 16 hr before being filtered 

through celite. After removal of the solvent in vacuo, the residue was 
5 treated with 10% aqueous KHSO4 30 minutes, basified with solid 
K2CO3 (to pH -10) and extracted with 3x 200 mL EtOAc. The EtOAc 
layers were washed with brine, dried (Na2S04) and concentrated in 

vacuo to give an oil. Column chromatography (silica gel; 5% MeOH in 
CHC^) gave Z:£ as an oil contaminated with -7% of the P-alanine. 

10 -^H NMR (300 MHz, CDag) 5 1.20 (3H, t), 1.42 (9H, s), 1.7-2 (4H, br m), 

2.5-2.8 (8H, m), 3.2 (4H, m), 3.42 (2H, m), 3.92 (3H, s), 4.06 (2H, q), 5.0-5.4 
(IH, bs), 6.36 (IS, br s), 6.72 (IH, d), 7.12 (IH, br s), 7.58 (IH, dd), 8.07 
(IH, d). 

15 3fSVf6.Methoxvpvridin-3-vl).3.f2-r3-f5.6.7.8- tetrahvdro-ri.81naphthvridin- 
^-vl>-nroT)vlnminn1-etbv1amino>-propionic acid ethvl ester (7-7) 

A solution of the ester M (14.1 g, 26 mmol) in EtOAc (350 
mL) cooled to -20°C was treated with HCl (gas) Sot 10 minutes then 
stoppered and stirred at 0°C for 1.5 hr. The volatiles were removed in 

20 vacuo, the residue taken up in 150 mL of water and treated with solid 
K2CO3 to pH~10. This solution was extracted with EtOAc (3x 150 mL), 
washed with brine, dried (Na2S04) and concentrated to give an oil. 
Column chromatography (siUca gel; 5% MeOH in CHCI3) gave the P- 
alanine 2^; fiirther elution with 5% MeOH in CHCI3 saturated with 

25 NH3 gave JzLslssl viscous oil. 

•^H NMR (300 MHz, CDOg) 8 1.20 (3H, t), 1.8-1.95 (4H, m), 2.5-2.8 (12H, 

m), 3.39 (2H, m), 3.92 (3H, s), 4.09 (2H, q), 5.01 (IH, bs), 6.34 (IH, d), 6.72 
(IH, d), 7.06 (IH, d), 7.59 (IH, dd), 8.07 (IH, d). 

30 3(S)-f6-M6thoxvPvridin-3-vl)-3-(2.QXQ-3-r3-ffi.6.7.8.tetrahvdro- 

ri.81naphthvridin-2-v1)-propvll.imidam1idin-1-vn-TirnptQnic acid ethvl 

ester (7-8) 

To a solution of the diamine H (8.03 g, 18.2 nmiol), DIPEA 
(9.5 mL, 54.6 mmol) and DMAP (250 mg) in 1,2-dichloroethane (150 mL) 
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cooled to -20*'C was added p-nitrophenyl chloroformate (3.85 g, 19.1 
mmol) in 1,2-dichloroeihaiie (25 inL) dropwise such that the internal 
temperature remains below -15®C. The resulting mixture was allowed 
to warm to O^C and stirred for 45 minutes, then heated to reflux for 4 hr. 
5 After cooling, the solvent was evaporated in vacuo, the residue taken up 
in EtOAc and washed successively with 10% K2CO3 (6x 150 mL) and 
brine. The EtOAc layer was dried (Na2S04) and concentrated in vacuo to 

give an oil (6.27 g). Colunm chromatography (silica gel; 5% EtOH in 
CH2CI2) gave M as an oil. 

10 -^H NMR (300 MHz, CDCI3) 5 1.20 (3H, t), 1.8-1.95 (4H, m), 2.52 (2H, dd), 

2.68 (IH, dd), 2.9-3.1 (3H, m), 3.15-3.3 (5H, m), 3.39 (2H, m), 3.92 (3H, s), 
4.11 (2H, q), 4.8 (IH, bs), 5.42 (IH, t), 6.34 (IH, d), 6.72 (IH, d), 7.03 (IH, d), 
7.60 (IH, dd), 8.08 (IH, d). 

15 3fSU6-MethoxvDvridin-3-vlV3-(2-oxn-3Xq- f5.6,7.8-te^^ 

ri,81naphthvridin-2-vl)-proDvn-imidazoli din-l-vl)-proDionic add f7-9) 

To a solution of the ester Ifi (3.48 g, 7.4 mmol) in MeOH (50 
mL) and water (30 mL) at room temperature was added IN NaOH 
solution (22.3 mL, 22.3 mmol) and the mixture stirred for 16 hr. After 

20 removal of the solvent in vacuo, the residue was treated with 25 mL IN 
HCl and the solvent removed again. Colximn chromatography of the 
residue (silica gel;EtOAc/EtOH/aq. NH4OH/H2O 20:10:1:1 then 15:10:1:1) 

gave a gum which was crystallized from a TninimnTn amount of water 
and filtered to give Ii9 as a white solid. 
25 iH NMR (300 MHz, CD3OD) 5 1.75-2,1 (4H, m), 2.55-3.1 (8H, m), 3.28 (IH, 

q), 3.3 (IH, m), 3.4-3.55 (3H, m), 3.63 (IH, q), 3.85 (3H, s), 5.47 (IH, dd), 
6.55 (IH, d), 6.80 (IH, d), 7.48 (IH, d), 7.68 (IH, d), 8.09 (IH, d). 

In a further exnbodiment, the R-enantiomer, i.e. 3fRW6- 
30 ' methoxvpvridin-3-vn-3-(2-OTO-3-r3-f.Q fi. 7.8-tetrahvdro-ri.8TnaDht^ 
2-vl)-DrQDvll-imidazolidin-l-vll-pro pionic add was prepared by 
substituting N-benzyl-(S)-a-methylbenzylamine for the N-benzyl-(R)-a- 
methylbenzylamine in preparing intemiediate 7-4 . 
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In yet a further embodimenti the racemate, i.e. 3-(6- 
TTiethnyvpvrif1in-r^-YlV3>f2-oxQ-3-r3-(5,6.7. 8-tetrahv 
2-Yl)-proT) Y)1-^i^^^P™^^^^""'' - vn-propionic acid was prepared by 
substituting racemic N-benzyl-a-methylben^ylamine for the N-benzyl- 
5 (R)-a-methylbenzylamine in preparing intermediate 2:4. 




10 Sodium metal (4.87 g, 0.212 mol) was added to ethanol (200 

mL) and stirred until completely dissolved. To this solution was added 
2,5-dibromopyridine Sd, (Aldrich; 10 g» 0.0424 mol) and the resulting 
mixture was stirred at reflux for 16 hr. The solvent was removed in 
vacuo and the residue partitioned between water and EtO Ac. After 

15 extraction with EtOAc (2x), the organic layer was washed with brine, 
dried (MgS04) and concentrated to give ^ as a red-brown solid which 

was used as such in the next step. 
. -^H NMR (300 MHz, CBCIq): 5 1.4 (3H, t), 4.33 (2H, q), 6.63 (IH, d), 7.62 

(IH, dd), 8.19 (IH, d). 

20 
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3fS)-(6-Ethoxvpvridin-3-vlVp-alainne ethvl ester (8-3) 

The title compound Sc2. was prepared firom £^ using the 
procedure described for the synthesis of 2:^. 

NMR (300 MHz, CDCIq): 5 1.25 (3H, t), 1.39 (3H, t), 2.61 (IH, dd), 2.67 

5 (IH, dd), 4.15 (2H, q), 4.34 (2H, q), 4.40 (IH, dd), 6.71 (IH, d), 7.62 (IH, dd), 
8.11 (IH, d). 

3fS)-(6-Ethoxvpvridin-3-vlV3-f2-oxo-3-r3-f5.6.7.8-tetrahvdro- 
ri.81naphthvridin-2-vl)-propvl1-iimdazoHdin-l-vl)-propionic acid (8-4) 
10 The title compound Sk^ was prepared from 2-9A an d 8-3 

using the procedure described in Scheme 2. 

iH NMR (300 MHz, CD3OD) 5 1.37 (3H, t), 1.8-2.0 (4H, m), 2.65 (2H, t), 

2.82 (2H, t), 2.95-3.10 (2H, m), 3.15 (2H, m), 3.23 (2H, dt), 3.46 (2H, m), 3.51 
(2H, t), 4.32 (2H, q), 5.41 (IH, t), 6.62 (IH, d), 6.84 (IH, d), 7.57 (IH, d), 7.76 
15 (IH, dd), 8.13 (IH, d). 
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SCHEME 9 




teit-butyl aciylate, 
Pd(OAc)2.(o-Tolyl)3P 

110°C, CHaCN 




COstBu 



Li 



Bn 



THF, -78°C 



J- 




a) Pd/C,78°C,AcOH 
1,4-Cyclohexadiene 

b) HCI, EtOH 




Bn 



2HC1«H2N 




3-f8-ATnino-Tivridm-3-vlV-aervlic acid ^er^b^tvl ester f 9-2) 

A mixture of 2-amino-5-broiao-pyTidine (9-1) (10 g, 58 
5 . mmol), tert-\mtyl aciylate (50 mL, 344 mmol), triethylamine (50 mL, 359 
mmol), tri-o-tolylphosphine (3.0 g, 9.8 mmol) and Pd(0Ac)2 (1.0 g, 4.5 
mmol) in 150 mL CJHsCN was purged with argon for 5 min and 
subsequently refluxed at llO'C for 20 hr. The mixture was then cooled 
and concentrated. The residue was purified using silica gel flash 
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chromatography (EtOAc/hexanes 1:1) to afiford the desired product ^ as 
a solid. 

Rf (silica, EtOAc/hexanes 1:1) = 0.26 

5 3(S)-(6-Ammo-Dvridin-3-vl)-3-rbenzvl- finRVphenvlethvlVamino1- 
propionic add terf-butvl ester (9-3) 

To a cooled (0*'C) solution of (R)-(+)-N-benzyl-a- 
methylbenzylamine (4.0 g, 19 mmol) in 50 mL THF was gradually added 
n-butyllithium (11.3 mL, 2.5 M, 28.2 mmol) over 5 min. The mixture was 
10 stirred for 30 min at 0*^0 and cooled to -78°C. A solution of 2:2 (2.0 g, 9.4 
mmol) in 20 mL THF was gradually added. After stirring for 40 min at - 
78°C, it was treated with NH4CI (sat.) at -TS^'C, warmed to room 

temperature and extracted three times with EtOAc. The combined 
organic layers were washed with brine and dried over Na2S04. After 

15 solvent evaporation, the residue was purified using silica gel flash 

chromatography (EtOAc/hexanes, 1:2) to aJBford the desired product ^ 
as an oil. 

Rf (silica, EtOAc/hexanes 1:1) = 0.28 



20 3(S)-Amino-3-f6-amino-pvridin-3-vlVprQpiQmc add ethvl ester»2 HCl 

A mixture of (0.5 g, 1.2 mmol) and 10% Pd/C (0.4 g) in 10 
mL AcOH was purged with argon for 5 min and then heated at 78°C. 
1,4-Cyclohexadiene (2 mL. 21.1 nmiol) was then gradually added. The 
25 reaction mixture was stirred for 3 hr and filtered througih a celite pad. 
The solution was concentrated and the residue was purified using silica 
gel flash chromatography (EtOAc/MeOH/NH40H 1 : 1:0.04) to afford an 

oil. To the oil (1.2 g) in 20 mL EtOH was introduced HQ gas for 10 min. 
The mixture was stirred 24 hr and then concentrated to afford the 
30 desired product ^ as the HCl salt. 

iH NMR (400 MHz, CD3OD) 5 8.11 (d, J=9.6 Hz, IH), 8.08 (s, IH), 7.13 (d, 

J=9.6 Hz, IH), 4.77 (m, IH), 4.18 (q, J=6.8 Hz, 2H), 3.22-3.02 (m, 2H), 1,24 
(t, J=6.8 Hz, 3H). 
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arSVf6-Amino-Dvridin-3-vlV3-(2-oxo-3.r3.fS.6.7.8-tetrahvdro- 
ri.81naphthvridin-2-vn-proDvl1-imidazoIidiTi-l-vl).prQPiomc acid (9-5) 

The title compound St& was prepared as the TFA salt from 
2-9A and using the procedure described in Scheme 2. ^ 
5 iH NMR (300 MHz, CD3OD) 5 7.90 (d, J=2.1 Hz, IH), 7.46 (dd, J=8.7, 2.1 

Hz, IH), 7.03 (d, J=8.7 Hz, IH), 6.47 (d, J=8.7 Hz, IH), 6.34 (d, J=8.7 Hz, 
IH), 5.38-5.30 (m, IH), 3.40-3.37 (m, 2H), 3.26-3.16 (m, 4H), 3.03-2.86 (m, 
2H), 2.70-2.66 (m. 2H), 2.55-2.50 (m, 2H), 2.14-2.02 (m, 2H), 1.93-1.79 (m, 
4H). 
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SCHEME 10 




Utfi 10-7 



-118- 



wo 99/31099 



PCT/US98/26568 




O 




3-f3-Hvdroxv-4-mtrophenvl)-acrvlic acid ethvl ester f 10-2) 

To a stirred solution of aldehyde IQd (20.28 g, 132.5 mmol) in 
5 CH2CI2 (400 mL) at room temperature was added 

(carbethozymethylene)triphenylpho8phorane (46.12 g, 132.5 mmol) over 
a 10 min period. The resiilting oremge solution was stirred at room 
temperature for 2 h. The solution was concentrated to one-fourth its 
volume. Flash chromatography (silica gel; 30:70 EtOAc/hexanes) gave 
10 the title compound 10-2 as a bright yellow solid. 
TLC Rf = 0.75 (25:75 EtOAc/hexanes) 
• IH NMR (300 MHz, CDCI3) 5 8.14 (d, IH), 7.60 (d, IH), 7.15 (dd, IH). 6.54 

(d, IH), 4.30 (q, 2H), 1.36 (t, 3H). 



15 
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3-(4-Aimno-3-hvdrQxvphenvlVacrvlic acid ethvl ester f 10-3) 

To a stirred suspension of (4.64 g, 19.6 mmol), NH4CI 
(524 mg, 9.8 mmol), EtOH (140 mL) and H2O (70 mL) was added iron dnst 
(2.72 g, 48.9 mmol). The resulting yellow suspension was refluxed for 
5 1.5 h, and then the solution was fQtered while hot through celite. The 
filtrate was concentrated and the residue was partitioned between EtOAc 
and brine. The layers were separated and the EtOAc layer dried 
(Na2S04) and concentrated to give 10^ which was used without further 

purification in the next step. 
10 TLC Rf = 0.2 (25:75 EtOAc/hexanes) 

IH NMR (300 MHz, CDCI3) 5 7.57 (d, IH), 7.00 (m, 2H), 6.68 (d, IH), 6.20 

(d, IH), 4.26 (q, 2H), 4.10 (bs, 2H), 1.33 (t, 3H). 

3-r4-f2-ChTon)acetYlammo)-3-hvdroxvphenvnacrvIic acid ethvl ester 
15 OOdtl 

To a stirred solution of JJObS (3.38 g, 16.3 mmol) in CHCI3 (80 
mL) was added saturated NaHC03 (50 mL) and it was then chilled to 
O'C. A solution of chloroacetyl chloride (1.94 mL, 24.4 mmol) in CHCI3 
(30 mL) was added dropwise to the chilled biphase. Upon addition 
20 completion, the reaction was stirred at O^'C for 1 h. The layers were 
separated and the aqueous layer was extracted twice with EtOAc. The 
combined organic layers were washed with brine, dried (Na2S04) and 

concentrated to give 10-4 which was used without further purification in 
the next step. 
25 TLC Rf = 0.4 (25:75 EtOAc/hexanes) 

IH NMR (300 MHz, CDa3): 5 10.33 (s, IH), 9.58 (s, IH), 8.02 (d, IH), 7.51 

(d, IH), 7.19 (d, IH), 7.12 (s, IH), 6.39 (d, IH), 4.42 (s, 2H), 4.17 (q, 2H), 1.25 
(t, 3H). 

30 3-f3-OxQ-3.4-dihvdro-2H-benzori.41oxazin-7-vl) acrvlic acid ethvl ester 

To a stirred solution of (4.28 g, 15.0 mmol) in DMF (50 
mL) was added K2CO3 (4.50 g, 32.6 nunol). The resulting suspension 

was heated to SO^'C for 12 h., after which time the reaction was 
35 concentrated. The residue was partitioned between saturated NaHCOs 
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and EtOAc and extracted twice with EtOAc. The combined organic 
layers were washed with brine, dried (Na2S04), and concentrated. 

Flash chromatography (silica gel; 25:75 EtOAc/hexanes) yielded 1(K5 as a 
beige solid. 
5 TLC Rf = 0.5 (25:75 EtOAc/hexanes). 

IH NMR (300 MHz, CDCI3) 5 10.91 (s, IH), 7.54 (d, IH), 7.37 (s, IH), 7.31 

(d, IH), 6.90 (d, IH), 6.51 (d, IH), 4.60 (s, 2H), 4.16 (q, 2H), 1.24 (t, 3H). 

3fR)4Bem^l-fl-Dhenvlefliy1VAm^nn1,.q-fSVf3-Qxo-3.^^^^ 

10 hen2ori.41oxazin>7-vl) propionic add ethvl ester (10-6) 

To a stirred solution of (R)-(+)-N-benzyl-a- 
methylbenzylamine (5.43 g, 25.7 mmol) and anhydrous THF (75 mL) at 
0°C was added butyllithiimi (10.3 mL, 2.5 M/hexanes, 25.7 mmol) via 
syringe. The violet-red solution was stirred at O^C for 15 minutes and 

15 then cooled to -78*'C. A solution of 10^ (2.12 g, 8.6 mmol) in anhydrous 
THF (50 mL) was added via syringe, and the resulting brown solution 
was stirred at -78°C for 30 minutes. The brown solution was quenched 
with saturated NH4CI, the mixture then warmed to room temperature 
and extracted twice with Et20. The combined organic layers were 

20 washed with brine, dried (Na2S04), and concentrated. Flash 

chromatography (sUica gel; 15:85 to 25:75 EtOAc/hexanes) 3deldediafi as 
a white foam. 

TLC Rf = 0.25 (25:75 EtOAc/hexanes) 

IH NMR (300 MHz, CDCI3) 5 10.89 (s, IH), 7.32 (m, lOH), 7.10 (m, 2H), 
25 6.91 (d, IH), 4.62 (s, 2H), 4.39 (m, IH), 4.13 (q, 2H) 3.96 (m, IH), 3.68 (s, 
2H), 2.56 (m, 2H), 1.28 (m, 6H). 

3fRVreen2vl-(l-Dhenvlethvl)-anuno1-3-fSVf4-methvl-3-oxo- 

h9mQ\lA]Qm7m-7-Y\) propipnic mi etM ^stgr (10-7) 

30 To a stirred suspension of NaH (65 mg, 60%, 1.6 mmol) in 

DMF (5 mL) imder argon was added a solution of 10-6 (650 mg, 1.4 nunol) 
in DMF (10 mL) via syringe. This yellow solution was stirred at room 
temperature for 30 minutes. lodomethane (0.5 mL, 8.0 mmol) was 
added and the solution then stirred at room temperature for an 

35 additional 30 minutes. The reaction was quenched with saturated 
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NaHCOs. The aqueous layer was extracted three times with CH2C12- 
The combined organic layers were washed with brine, dried (Na2S04) 
and concentrated. Flash chromatography (silica gel; 25:75 
EtOAc/hezanes) afforded 10-7 as a dear oil. 

5 TLC Rf = 0.6 (25:75 EtOAc/hexanes) 

IH NMR (300 MHz, CDCI3) 8 7.30 (m. lOH), 7.06 (m, 2H), 6.91 (d, IH), 4.62 

(s, 2H), 4.39 (m, IH), 4.13 (q, 2H) 3.96 (m, IH), 3.68 (s, 2H), 3.35 (s, 3H), 
2.56 (m, 2H), 1.26 (m, 6H). 

10 3fSVAmino-3-f4-methvl-3-oxo-3.4-dihvdro-2g-b6n2ori.41oxa2in-7-vl) 
nropionic acid ethvl eater f lQ-8) 

A stirred solution of UHL (581 mg, 1.2 mmol), MeOH (10 
mL), AcOH (1.0 mL), and H2O (0.3 mL) was degassed with argon for 5 
minutes. Pd(0H)2 (581 mg) was added and the reaction was placed 
15 under 1 atm of H2 for 2.5 h. The reaction was diluted with EtOAc and 
filtered through celite. The filtrate was concentrated to yield 10-8 as a 
clear oil. 

TLC Rf = 0.3 (5:95 MeOH/CH2Cl2) 

IH NMR (300 MHz, CDCI3) 8 7.04 (m, 2H), 6.93 (dd. IH), 4.61 (s, 2H), 4.39 
20 (m, IH), 4.13 (q, 2H), 3.37 (b, 2H), 3.35 (s, 3H), 2.69 (m, 2H), 1.24 (t, 3H). 

3-fSU4-Methvl-3.oxo-3.4-dihvdro.2H-benzori.41nxa2iTi-7.v1V3-(2.oico.3-r3- 
f5.6.7.8-tetrahvdro-ri.81naphthvriHin-2.vn-prQPvl1.iTmda2Qlidin-l-^)- 
propionic add f 10-9) 
25 The title compoimd 10-9 was prepared firom 2-9A and 10^ 

using the procedure described in Scheme 2. 

IH NMR (400 MHz, de-DMSO) 8 7.83 (bs, IH), 7.60 (d, IH), 7.11 (d, IH), 

6.99 (d, m), 6.93 (s, 1H),6.63 (d, 1H),5.20 (t, IH), 4.64 (s, 2H), 3.3-2.8 (m, 
lOH), 3.25 (s, 3H), 2.72 (m, 2H), 2.59 (m, 2H), 1.81 (m, 2H), 1.74 (m, 2H). 

30 . 
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RCHRME 11 




(BodaO 



NHBoc 
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Br 
11:2 



N 
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Br 
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Etliyl aciylate, 
Pd(0Ac)2. (o-TolyDaP 

110 °C, CH3CN 




11-4 



COaEt 



Pff^NHa 



95 °C 



Me^ ^Boc 
N 




fi- 



ling 



PdCOHVC. H2 



AcOH/EtOH 



Me*. ^Boc 





11-7 
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2-terf-Butoxvcarbonv1amTnn-5-aniinoDvridine fll-2) 

A solution of 2-amino-4-bromopyridine 11-1 (10.1 g, 58.4 
mmol) in 150 mL of melted £-BuOH was treated with di-terf-butyl 
dicarbonate (14.0 64.2 mmol). After the solution was stirred for 12 hr, 
5 the solvent was evaporated. The residue was purified using silica gel 
flash chromatography (CHCls/hexanes, 5:1) to aSbrd the desired product 

11-2 as a soUd. 

Rf (siHca, 100% CHCI3) = 0.56 

iH NMR (300 MHz, CDCI3) 5 8.82 (bs, IH), 8.38 (d, IH), 8.78 (d, IH), 7.78 
10 (dd, IH), 1.55 (s, 9H). 

To a solution of 11:2 (6.0 g, 22.0 mmol) in 50 mL DMF at 0°C 
was added NaH gradually. After the mixture was stirred for 40 min, 
15 CH3I (3.4 g, 24,0 mmol) was added in one portion. The reaction mixture 

was stirred for 5 hr, treated with 300 mL water and extracted three times 
with ethyl ether. The combined organic layers were washed with brine 
and dried over Na2S04. After solvent removal, the residue was purified 
by silica gel flash chromatography (CHCls/hexanes 6:1) to aftbrd the 

20 desired product 11-3 as a solid. 
Rf (silica, 100% CHCI3) = 0.40 

iH NMR (300 MHz, CDaa) 5 8.40 (dd, IH), 7.68 (m, 2H), 3.36 (s, 3H), 1.55 
(s, 9H). 

25 3-r6-(ferg-Butoxvcarbonvl-methvl-amino)-Dvridin-3-vn-acrvIic acid ethvl 

ester (XH) 

A mixture of (6.0 g, 20.9 mmol), ethyl acrylate (6.3 mL, 
62.7 mmol), triethylamine (17 mL, 125.5 mmol), tri-o-tolylphosphine (1.3 
g, 6.2 mmol) and Pd(0Ac)2 (0.5 g, 2.1 mmol) in 50 mL CH3CN was 

30 purged with argon for 5 min and subsequently refluxed at llO^C for 20 
hr. The mixture was cooled and concentrated. The residue was purified 
using silica gel flash chromatography (EtOAc/hexanes 1:3) to afford the 
desired product 11-4 as an oil. 

IH NMR (300 MHz, CDCI3) 5 8.47 Obs, IH), 7.82 (m, 2H), 7.64 (d, IH), 6.42 
35 (d, IH), 4.27 (q, 2H), 3.43 (s, 3H), 1.54 (s, 9H), 1.34 (t, 3H). 
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3-Benzvlainino-3-r6-(te7t-butoxvcarbonvl-methvl-aimno)-Dvridin-3-vl1. 
propionic acid ethvl ester 

A mixture of (1-7 g, 5.6 nunol) and benzylamine (8 mL, 
5 73.2 mmol) was heated in a sealed-tube at SS^C for 24 hr. The crude 
reaction mixture was purified using silica gel flash chromatography 
(EtOAc/hezanes 1;3 to 1:1) to afford the desired product 11-5 as an oil. 
Rf (silica, EtOAc/hexanes 1:1) - 0.63. 

10 3-Aniinn-3-r6-(tert-butoxvcarbonvl-m6thvl-aminft)-pvridin-3-vn-propiomc 
add ethvl ester (11-6) 

A mixture of Il£ (1.5 g 3.6 mmol), 20% Pd(0H)2/C (0.3 g), 

AcOH (5.5 mL) and EtOH (50 mL) was piurged with argon 3 times under 
vacuum. The reaction mixture was stirred under balloon hydrogenation 
15 condition for 16 hr and filtered through a ceUte pad. AlEter solvent 
removal, the desired product 11-6 was obtained as the acetate salt. 
iH NMR (300 MHz, CDCI3) S 8.38 (d, IH), 7.70 (m, 2H), 4.50 (dd, IH), 4.15 

(q, 2H), 3.40 (s, 3H), 2.80 (m, 2H), 1.25 (t, 3H). 

20 3-f6-M6thvlamipo-pvridin-3-vlUq-(2.nyn-.?.r3.(5.6.7.8.t6trahvdro. 

ri.81naphthvridin-2-vn-propvn.imidazolidin.l-vl)-propiomc acid fll-7) 

The title compound 11-7 was prepared as the TFA salt firom 
2-9A and 11-6 using the procedure described in Scheme 2. 
IH NMR (300 MHz, CD3OD) 6 7.92 (dd, J=9.6, 1.6 Hz, IH), 7.79 (d, J=1.6 

25 Hz, IH), 7.57 (d, J=7.6 Hz, IH), 7.03 (d, J=9.6 Hz, IH), 6.63 (d, J=7.6 Hz, 
IH), 5.28 (m, IH), 3.51-3.36 (m, 5H), 3.28-3.17 (m, 3H), 3.05 (m, 2H), 3.02 
(s. 3H), 2.82 (m, 2H), 2.67 (m, 2H), 1.98-1.84 (m, 4H). 
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SCHEME 12 
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3-f2-FluorQ-biphenvl-4-vlVacrvlic acid ethvl eater f 12-2) 

A solution of 2-£luoro-4-bromobiphenyl 12-1 (7.5 gm, 31.8 
mmol), ethyl acrylate (4.3 mL), Fd(0Ac)2 (0.714 gm, 3.2 mmol), tri-o- 

tolylphosphine (1.94 gm, 1.5 mmol), and triethylamine (12 mL) was 
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heated to 100°C in a sealed tube for 12 h. The reaction was cooled to room 
temperature and diluted with dichloromethane (40 mL). The organic 
solution was washed with 10% aq. citric add (20 mL), satA aq. NaHCOs, 
and brine (20 mL), The organic solution was dried over MgS04, filtered, 
5 and concentrated. The residue was purified by flash chromatography 
(95:5 to 90:10 hexanes/EtOAc) to give the acrylate ester 12-2 as a white 
soUd. 

TLC Rf = 0.44 (10% ethyl acetate/hexanes). 

sad ethyl ester 

A cooled (OT) solution of (R)-(+)-N-benzyl-a- 
methylbenzylamine (8.9 mL, 42.6 mmol) in THF (100 mL) was treated 
with n-butyllithium (26.6 xdL o{ a 1.6 M soln in hexanes; 42.6 mmol). 
15 After stirring for 10 min, the purple solution was cooled to -78*'C and 
treated with a solution of ester 12-2 (5.76 g, 21.3 mmol) in THF (10 mL). 
After stirring for 20 min, the solution was quenched with satd aq NH4CI 

soln (5 mL), and the cold bath removed. The reaction mixture was 
diluted with Et20 (100 mL), and washed with 10% aq citric acid (50 mL) , 
20 satd aq NaHCOa (50 mL), 5% aq acetic acid (30 mL), 10% aq K2CO3 (50 
mL), and brine (50 mL). The solution was dried over MgS04, filtered 
and concentrated. The residue was purified by flash chromatography 
(90:10 hexanes/EtOAc) to give adduct 12^ . 
TLC Rf = 0.48 (10% ethyl acetate/hexanes). 

25 

3-Amino-3-f 2-fluoro-biphenvl-4-vlVprQT)iQnic acid ethvl ester (12-4) 

A solution of the dibenzylamine 12-3 (5.65 gm, 11.75 mmol) 
in EtOH/HOAc (90/10 mL) was purged with argon and treated with 
Pd(0H)2 (3 g) and placed under 1 atm of H2 gas for 12 h. Additional 
30 portions (2.5 g) of Pd(0H)2 were added after 24 h, 48 h and 144 h. The 
reaction mixture was purged with argon, filtered through Celite, and 
the filtrate dissolved in aq HCl (pHsl). The aqueous solution was 
washed with EtOAc, neutralized with satd aq NaHCOs, &Qd extracted 

with EtOAc (3 x 30 mL). The conobined organic solutions were washed 



-127- 



wo 99/31099 



PCTAJS98/26568 



with brine, dried over MgS04, filtered and concentrated to give the 
desired product TiZA. 

iH NMR (300 MHz, CD3OD) 6 7.41 (m, 8H), 4.10 (m, IH), 4.06 (m, 2H), 
2.73 (m, 2H), 1.18 (m, 3H) ppm. 

5 

3fSVf2-Fluoro.biphenvl-4-vlV3-f2-mco. 3-r3-f5.6.7.8-tetrahvdn>- 
ri.81naT)thvridin-2-vl)-propvn-imidazoUdin-l.v» propionic acid fl2-51 

The title compound 22£. was prepared from. 2-9A and 12-4 
using the procedure described in Scheme 2. 
10 IH NMR (300 MHz, CD3OD) 5 7.49 (m, 9H), 6.64 (d, J= 7.3 Hz, IH), 5.49 

(m, IH), 3.31 (m, 9H), 2.83 (m, 2H), 2.74 (m, 2H), 1.97 (m, 4H) ppm. 
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SCHEME 13 




1 . Fe. AcOH 

2. GDI, THF 




13-5 



3-f3.Hvdroxv-4-nitro-phenvlVacrvlic acid etbvl ester (13-2) 

To a solution of aldehyde (15.0 g, 98.0 mmol) in CH2CI2 

5 (300 mL) was slowly added carboethozymethylenetriphenylphosphorane 
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(34.1 g, 98.0 mmol). The orange solution was stirred for 12 h at ambient 
temperature. The solution was concentirated to a paste and purified by 
flash chromatography (10% EtOAc/CH2Cl2} to give 13-2 as a yellow solid. 

TLC Bf = 0.51 (30% ethyl acetate/hexanes). 
5 IH NMR (300 MHz, CD3OD) 6 8.08 (d, J=8.4 Hz, IH), 7.63 (d, J=16.2 Hz, 

IH), 7.35 (d, J=1.5 Hz, IH), 7.27 (dd, J=8.4, 1.5 Hz, IH), 6.65 (d, J=15.9 Hz, 
IH), 4.25 (q, J=7.2 Hz, 2H), 1.32 (t, J=6.9 Hz, 3H) ppm. 

.?-f2-Oxo-2.3-dihvdro-ben20xazol-6-vlVacrvltc acid ethvl ester (13-3) 

10 To a solution of the nitrophenol 13-2 (12.0 g, 57.4 mmol) in 

warm (70*'C) AcOH/H20 (200 mL) was added iron dust (9.61 g, 172.2 

mmol). The brown heterogeneotis mixture was stirred for 30 min at 70- 
80°C. The mixture was filtered hot through Celite, and the CeUte bed 
washed with EtOAc (2 x 200 mL). The filtrate was cautiously neutralized 
15 with satd aq NaHCOa (3 x 100 mL). The solution was dried over MgS04, 

filtered, and concentrated. The residue was purified by flash 
chromatography (5% MeOH in CH2CI2) to give an orange soUd (9.6 g, 

81%). A portion of this solid (4.5 g, 21.7 mmol) was dissolved in THF (150 
mL) and treated with 1,1-carbonyldiimidazole (3.87 g, 23.8 mmol), and 
20 the solution was stirred at ambient temperature for 24 h. The solution 
was diluted with EtOAc (100 mL) and washed with 10% HCl (50 mL) and 
brine (50 mL). The solution was dried over MgS04, filtered, and 

concentrated. The residue was purified by flash chromatography (5% 
MeOH in CH2CI2) to give JM. as a yellow solid. 
25 TLC Rf = 0.49 (5% MeOH/CH2Cl2). 

iH NMR (300 MHz, CD3OD) 5 7.77 (d, J=15.9 Hz, IH), 7.55 (s, IH), 7.41 (d, 

J=8.4 Hz, IH), 7.09 (d, J=8.1 Hz, IH), 6.47 (d. J=15.9 Hz, IH), 4.22 (q, J=7.2 
Hz, 2H), 1.31 (t, J=7.2 Hz, 3H) ppm. 

30 3(S)-Aminn-3-f2-oxo.2.3-dihvdro-benzoTazol-fi-vlVnropiomc acid ethvl 
ester (13^) 

A solution of (R)-(+)-N-benzyl-a-methylbenzylamine (4.08 g, 
19.3 mmol) in THF (120 mL) at O'C was treated with n-BuLi (7.72 mL of a 
2.5 M soln in hexanes). The resulting solution was stirred at O^C for 30 
35 min and then cooled to -78''C. A solution of acrylate 22^ (1-5 g, 6.43 
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mmol) in THF (20 mL) was added. After stirring for 15 min at -78*'C, 
satd aq NH4CI soln (25 mL) was added and the cold bath removed. The 

mixture was warmed to room temperature and extracted with Et20 (2 x 

40 mE). The combined organic extracts were washed with brine (30 mL), 
5 dried over MgS04, filtered, and concentrated. The residue was purified 

by flash chromatography (30% ethyl acetate/hexanes) to give 2.74 g of the 
p-aminoester as a yellow oil. The aminoester was dissolved in 
EtOH/H20/AcOH (54 mL/4.8 mL/1.2 mL), degassed with argon, and 
treated with Pd(0H)2 (2.74 g). The mixture was placed xmder 1 atm of 
10 H2* After stirring for 18 h, the mixture was diluted with EtOAc and 

filtered through Celite. The filtrate was concentrated to give ester 13^ as 

an off-white solid. 

TLC Rf = 0.10 (5% MeOH/CH2Cl2). 

IH NMR (300 MHz, CD3OD) 5 7.34 (s, IH), 7.26 (dd, J=1.2, 8.1 Hz, IH), 
15 7.12 (d, J=8.1 Hz, IH), 4.65 (t, J=7.2 Hz, IH), 4.13 (q, J=6.9 Hz, 2H), 2.98 
(m, 2H), 1.20 (t, J=7.2 Hz, 3H) ppm. 

3fS)-f2-OxQ-2.3>dihvdro-benzoxazol-6-vl)-342-oxo-3-r3-(5.6.7.8-tetrahvd^^^ 
ri.81naDthvridin-2-vl)-propvlVimidazolidin-l-vll propionic acid (13-5) 
20 The title compoimd 13-5 was prepared firom 2-9A and 13-4 

using the procedure described in Scheme 2. 

iH NMR (300 MHz, CD3OD) 5 7.57 (d, J=7.3 Hz, IH), 7.28 (s, IH), 7,19 (d, 
J=8.2 Hz, IH), 6.63 (d, J= 7.3 Hz, IH), 5.47 (m, IH), 3,30 (m, 9H), 2,82 (m, 
2H), 2.66 (m, 2H), 1.96 (m, 6H) ppm. 

25 
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SCHEME 1A 





1. Ethyl Acrylate 
Pd(0Ac)2, EtgN 

2. Et-I, CS2CO3 



r 14:2 R=H • _ 
^ 14:3 R=Et ^°2ct 




Me 

H 



Ph 



n-BuU 



Pd(0H)2, H2(g) 




14-5 



Me 



Et 



I 

Bn 



14-4 






3-(4-HvdrQxv-3-fluomnhenvlVaf.rv1iV arid ethvl ABtor fi4.«^) 

A solution of 2-£luoro-4-broniophenol Itl (50 g, 261.8 mmol), 
5 ethyl acrylate (34 mL), Pd(0Ac)2 (2.5 g), tri-o-tolylphosphine (5 g) and 
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triethylamine (83 mL) was heated to 100°C in a sealed tube for 12 h. The 
reaction was cooled to room temperature and diluted with 
dichloromethane (100 mL). The organic solution was washed with 10% 
aq. citric add (40 mL), satd aq NaHC03, and brine (40 mL). The organic 
5 solution was dried over MgS04> filtered and concentrated. The residue 
was purified by flash chromatography (50:50 hexanes/EtOAc to 100% 
EtOAc) to give acrylic acid 14-2 as a white solid. 
TLC Rf = 0.45 (50% ethyl acetate/hexanes). 

3>rBenzvl-fl(R)-Dhenvlethvl)-aminoV3-f4-ethoxv-3-fluorophenvl)- 

prffpwmc ^Pid ^thvl gster (14-4) 

To a stirred solution of 14r2 (49.25 gm, 234.5 mmol) in DMF 
(600 mL) was added C82CO3 (84.1 gm, 257.9 mmol) and ethyl iodide (18.8 

mL, 234.5 mmol). After stirring for 12 h at room temperature, the 
reaction mixture was diluted with EtOAc (IL) and washed with water (6 
X 300 mL), 10% aq. citric add (200 mL), satd. aq. NaHC03 (200 mL), and 
brine (300 mL). The organic solution was dried over MgS04y filtered, 

and concentrated to give 52.9 g (95%) of the product 14r3 as an orange oil 
which crystallized upon standing. A cooled (O^'C) solution of (R)-(+)-N- 
benzyl-a-methylbenzylamine (71 mL, 339.4 mmol) in THF (650 mL) was 
treated with n-butyllithium (212 mL of a 1.6 M soln in hexanes; 339.4 
mmol). After stirring for 10 min, the purple solution was cooled to -78**C 
and treated with a solution of ester 2^ (53.8 g, 226.3 mmol) in THF (100 
mL). After stirring for 20 min, the solution was quenched with satd aq 
NH4CI soln (50 mL), and the cold bath removed. The reaction mixture 
was diluted with £t20 (1000 mL), and washed with 10% aq dtric add (300 
mL) , satd aq NaHC03 (300 mL), 5% aq acetic add (300 mL), 10% aq 
K2CO3 (300 mL), and brine (200 mL). The solution was dried over 
MgS04, filtered and concentrated. The residue was purified by flash 

chromatography (85:15 hexanes/EtOAc) to give the adduct 14r4 . 
TLC Rf = 0.39 (25% ethyl acetate/hexanes). 

T?-AT^^T>9'?-^4-^-^hnxv-3-fluorQT)henvl)-prQp ionic add ethvl ester (14-5) 

A solution of the dibenzylamine 14r4 (30.0 gm, 66.8 mmol) in 
35 EtOH/HOAc (340/30 mL) was purged with argon and treated with 
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Pd(0H)2 (6 g) and placed under 1 atm of H2 for 12 h. Additional portions 
(2.5 g) of Pd(0H)2 were added after 24 h and 48 h. The reaction mixture 
was purged with argon, filtered through CeUte, and the filtrate collected. 
The filtrate was concentrated to yield the desired amine M:5- 
5 IH NMR (300 MHz, CD3OD) 5 7.19 (m, 3H), 4.62 (m, IH), 4.07 (m, 4H), 

2.99 (m, 2H), 1.39 (m, 3H) 1.18 (m, 3H) ppm. 

p ft1 »n pfHvri,1in-2.vlVDr n pvn-imidazolidin-1-Yl} PTOPionjc »CTd (J.4-6 } 
IQ The title compoimd 2M. was prepared firom 2:SA and M£ 

\ising the procedure described in Scheme 2. 

IH NMR (300 MHz, CD3OD) 5 7.45 (d, J = 7.3 Hz, IH), 7.04 (m, 3H), 6.53 
(d, J=7.3 Hz, IH), 5.43 (m, IH), 4.06 (q, J= 7.0 Hz, 2H), 3.48 (m, 6H), 3.15 
(m, IH), 2.78 (m, 6H), 2.55 (m, 2H), 1.96 (m, 3H), 1.38 (t, J= 7.0 Hz, 3H) 
15 ppm. 
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SCHEME 15 
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S-Ethoxv-nicotinic acid ethvl ester (lR-2) 

A mixture of 3-hydro:qr-nicotmic add methyl ester 15-1 (15 
g, 90.8 mmol), ethyl iodide (14.5 ml, 181.6 mmol), cesium carbonate (29.5 
g, 90.8 mmol) and DMF (150 mL) was stirred at ambient temperture for 3 
5 hours. The reaction mixture was diluted with Et20 and then washed 
with 10% K2CO3, brine, dried (MgS04), and concentrated to give the 

ester 15-2 as a red oil. 

TLC Rf = 0.52 (silica,75% EtOAc/hexanes) 

iH NMR (300 MHz, CDCI3) 5 8.82 (s, IH), 8.46 (s,lH), 7.76 (s, IH), 4.40 (q, 
10 2H, J=7Hz), 4.12 (q, 2H, J=7Hz), 1.43 (m, 6H). 

5-Ethoxv-Ar-methoxv-i\r-methvl-nico tinamid6 f 15-3) 

To a solution of 15^ (15 g, 72 mmol) in EtOH (100 mL) was 
added IN NaOH (80 ml, 80 mmol). After stirring for 1 h, the solvents 
15 were evaporated and the residue was dissolved in IN HCl (80 ml, 80 

mmol) and then concentrated, azeotroped with CH3CN to give the crude 

add. The crude add was suspended in DMF (200 mL) and then treated 
with HCl»HN(Me)OMe (13.9 g, 144 mmol), EDC (15.1g, 79.2 mmol), 
HOBT (9.6g, 72 mmol) and NMM (60 mL, 576 mmol). The mixture was 
20 stirred for 18 hours and then concentrated. The residue was dissolved in 
ethyl acetate, washed with 10% K2CO3, brine, dried (MgS04), and 

concentrated to give amide 15-3 as a brown oil. 

TLC Rf = 0.30 (silica, 70:25:5 chloroforxn/ ethyl acetate/ MeOH) 

25 5-Ethoxv.pvridin6-3-carbald6hvde (15-4) 

To a stirred solution of (14.0 g, 66.5 mmol) and CH2CI2 
(200 mL) at -78°C under argon was added DIBAL (l.OM hexanes, 90nil) 
dropwise over 30 minutes. After 30 minutes, the solution was warmed to 
O'C for 1 hour. The reaction was quenched with 100 ml 1.0M Rochelle's 

30 salt, stirred for 1.0 hour and then extracted with Et20. The organic 
layer was dried (MgS04), and then concentrated to give the aldehyde 
15-4 as a brown oil. 

TLC Rf = 0.32 (silica, 70:25:5 chloroform/ethyl acetate/MeOH) 
iH NMR (300 MHz, CDCI3) 8 10.10 (s, 1H),8.65 (s,lH), 8.55 (s,lH), 7.59 (s, 
35 IH), 4.14 (q, 2H, J=7Hz), 1.43 (t, 3H, J=7Hz). 
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3-(5-Ethoxv-Dvridin-3-vn-acrvlic acid tart-hntv} ester flR-fi) 

A mixture of2M (8.0 g, 51.6 mmol), IM. (20 g, 54.2 mmol), 
and benzene (150 mL) was heated to reflux for 30 minutes. The mixture 
was diluted with Et20 and then washed with 10% K2CO3, brine and 
5 dried (MgS04). Following evaporative removal of the solvent, the residue 

was chromatographed (silica gel, 30% EtOAc/hexanes) to give 15-6 as a 
yellow sohd. 

TLC Rf = 0.41 (silica, 70:25:5 chloroform/ ethyl acetate/ MeOH) 
IH NMR (300 MHz, CDCI3) 6 8.31 (m, 2H),7.55 (d, IH, J=16Hz), 7.27 (s, 
10 IH), 6.40 (d, IH, J=16Hz), 4. 10 (q, 2H, J=7Hz), 1.54 (s, 9H), 1.44 (m, 3H). 

3fS)-ATniTio-3-f5-ethoxv-pvridin-3-vlVpropi onic add tert-hntvl ester (15-8) 
To a stirred solution of (500mg, 2.38mmol) and THF at 
0°C was added nBuLi (2.5 M THF, 0.95 ml) dropwise. After 20 minutes, 
15 the solution was cooled to -78 °C Hnd 15-6 (SOOxxxg, 1.98 nuxiol), dissolved in. 
3 ml THF, was added. After 15 minuteS; the reaction was quenched with 
sat. NH4CI followed by the removal of the cooling bath. The solution was 

extracted with ethyl acetate. The organic portion was washed with 
brine, dried (MgS04) and concentrated. The residue was dissolved in 

20 acetic acid (14 ml), and the solution was purged with argon for 30 
minutes. 10% Pd/C (1.0 g) was added and the mixture was heated to 
SO^'C. 1,4-Cyclohexadiene (6 ml) was added dropwise maintaining an 
internal temperature between 80®C and 90®C. After 5.0 hours, the 
mixture was filtered through a ceUte pad, concentrated and then 

25 azeotroped with toluene. The residue was chromatographed (silica gel, 
5% [10:10:1 EtOH/NH40HyH20]/ 70:25:5 chloroform/ ethyl acetate/ 

MeOH) to give 15-8 as a yellow soHd. 

IH NMR (300 MHz, CDCI3) 5 8.18 (m, 2H),7.25 (s,lH,), 4.41 (m,lH,), 4.08 
(q, 2H, J=7Hz), 2.59 (m, 2H, ), 1.87 (a, 2H), 1.40 (m, 12H). 

30 

* 3fS)-f5-Ethoxv-pvridin-3-vl)-3-f2-Qxo-a.ra-ffi.fi. 7.8-tet^ 

r^,8faapMhYri<i;fi-2-y]i)-PTOPYl1-imiafts9?;diq-;^ mi (^5-9) 

The title compoxmd 15-9 was prepared from 2-9A and 15-8 
using the procedure described in Scheme 2. 
35 TLC Rf = 0.27 (siHca, 10:10:1:1 ethyl acetate/EtOH/water/NH40H). 
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iH NMR (300 MHz, CD3OD) 8 8.13 (m, 2H). 7.48 (d, IH, J=7Hz), 7.35 (s, 
IH), 6.55 (d, J=:8 Hz, IH,), 5.53 (m, IH), 4.13 (q, 2H, 7Hz), 3.31-3.70 (m, 
7H), 3.06 (m, 2H), 2.55 -2.85 (m, 6H). 1.88-2.15 (m,5H), 1.42 (t, 3H, J=7 Hz). 



SCHEME 16 




16-4 R=Et 

) NaOH 

R=H 
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3(S)-Aimno-3-(5-methoxv-Dvridin-3-vlVprQtiionic add tert-hntvl ester 

S-Bromo-S-methoxy-pyridine 16-1 (prepared as described in 
J. Org. Chem. 1990, 55, 69) was converted into 16-2 utilizing the 
5 procedure previously described for the conversion of 14 to 
iH NMR (300 MHz, CD3OD) 5 8.20 (d, IH, J=3Hz), 8.18 (d, m, 

J=2Hz),7.50 (s, IH,), 4.51 (m,lH,), 3.90 (s, 3H), 2.87 (m, 2H, ), 1.37 (m, 
9H). 

10 3(SU5.M6thoxv.pvridin.3.vl).3.(2-oxQ-a.r3.f5 .6.7.8-tetrahvdro- 

ri.81naphthvridin-2-vl)-propvl1-imidazolidin-l.vl>-propionic acid ethvl 

The title compound IM was prepared from 2-9A and 16-2 
using the procedure described in Scheme 2. 
15 TLC Rf = 0.27 (silica, 70:20:10 chloroform/ethyl acetate/MeOH) 

iH NMR (300 MHz, CDCI3) 5 8.23 (d, IH, J=3Hz), 8.15 (s, IH), 7.22 (s,lH), 
7.02 (d, m, J=7Hz), 6.33 (d, IH, 7Hz), 5.46 (t, IH, J=8Hz), 4.78 (s, IH), 
4.11 (m, 2H), 3.84 (s, 3H), 3.30 (m, 6H), 3.00 (m, 2H), 2.67 (t, 2H, J=6Hz), 
2.52 (m, 2H), 1.85 (m, 6H),1.23 (m, 3H). 

20 

3fS)-f5-Hvdroxv-Pvridin-3-vl)-3-(2-ox o-3-r3-(5.6.7.8-tetrahvdr(>- 

n ■R1naphthvridin-2-vl)-propvll-imidazolidin-l-vl}-Dropionic add ethvl 

eater (16-4) 

To a stirred solution of (200 mg, 0.4278mmol) and 
25 ethanethiol (0.5ml) and CH2CL2 (3 ml) was added AICI3 (570mg, 4.28 
mmol). After 1.0 hour, the reaction was quenched with sat. NaHC03. 
Ethyl acetate was added, and the reaction mixture was then purged with 
argon for 1.0 hour. The otganic layer was separated, washed with 
brine, dried (MgS04) and then concentrated to give the phenol 164 as a 

30 yellow oil. 

TLC Rf = 0.22 (silica, 70:20:10 chloroform/ethyl acetate/MeOH) 
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3(S)-(5-Hvdroxv-iivri(Kn-3-vlV3W2-QM.3.ra.rs .6.7.8-tetrahvdro- . 
ri.81naphthvridin-2-vlVi)ropvl1-mudaz nIidin-l-vl)-Dro T)ionic acid fl6-5) 
The title compound 1&5 was prepared from 164 by basic 
hydrolysis using the procedure described in Scheme 2. 
TLCEf=0.39 (silica, 10:1:1 EtOH/water/NH40H). 
iH NMR (300 MHz, CD3OD) 5 8.01 (m, 2H), 7.46 (d, IH, J=7Hz), 7.20 (s, 
IH), 6.53 (d, J=8 Hz, IH,), 5.49 (m, IH), 3.51-3.68 (m, 2H), 3.46 (t,2H, 
5Hz), 3.19 (m, 2H), 3.00 (m, 2H), 2.52-2.78 (m, 6H), 1.92 (m,4H). 



SCHEME 17 

H 



10 




Ha»H2N OEt 

12=1 17-2 




3(S)-fEthvnvl)-3-(2-oxo-3-r3-f5.fi.7.8-t fttrahvdro-ri.81naphthvridin-2-vl)- 
propyn-imidazolidin-l-vD-p ropionic acid (17-2) 

The title compound 17-2 was prepared from 2-9A and 17-1 
15 (for preparation see J.A. Zablocki, et.al., J. Med. Chem. 1995, 38, 2378- 
2394) using the procedure described in Scheme 2. 
TLC Ef = 0.32 (siUca, 15:10:1:1 ethyl acetate/EtOH/water/NH40H). 
iH NMR (300 MHz, CD3OD) 5 7.45 (d, J=7Hz. IH), 6.53 (d, J=8 Hz, IH), 

5.15 (m, IH), 3.31-3.70 (m, 7H), 2.55-2.85 (m, 7H), 2.35 (m, IH), 1.88 -2.15 
20 (m, 4H). 

SCHEME IB 

Ha.H.N-X^OEt -rVY^A">i^l 
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10 



2rSVRpT^7;<>pPRiilf^nY^aTniiio-3-(2-oxo-3-r3-f5.6.7.8- tetrahvdro- 
ri.81naphtbvHrfiTi-;^-Y^)-Dropvn-im idazolidin-l-vn-propionic acid ( 18-2) 
The title compound 18-2 was prepared firom 2-9A and 18-1 
(for preparation, see Scheme A substituting phenylsulfonyl chloride for 
4-iodophenyIsulfonyl chloride) using the procedure described in Scheme 
2. 

TLC Rf = 0.23 (8ilica,15:10:l:l ethyl acetate/EtOH/water/NH40H). 
iH NMR (300 MHz, CD3OD) S 7.81 (m, 2H,), 7.36 (m, 3H), 7.10 (d, IH, 
J=8Hz), 6.37 (d, IH, J=7Hz), 3.61 (m, IH,), 3.36 (m, 2H), 3.02 iE3.18 (m, 
6H), 3.00 (m, 2H), 2.68 (t, 2H, J=6Hz), 2.50 (m, 2H), 1.79 iEl.90 (m, 4H). 



SCHEME 19 




OEt 



5%Pd/BaS04,H2 
quinoline, eihanol 




12il 



OEt 




19-2 



.q.Aminn-pftptr^noic acid ethvl ester f19.1) 
15 A mixture of 5% Pd/BaS04 (0.025 g) and quinoline (0.30 mL) 

was stirred xmder a ballon of hydrogen for 30 minutes. 3-Amino-pent-4- 

ynoic add ethyl ester IM (1.77 g, 10.0 xmnol) in EtOH (15 mL) was added 
' and the solution stirred for an additional 2.5 hours. The solution was 

filtered through a pad of celite and concentrated in vacuo to provide 2.65 
20 g of crude product 19-1. 
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IH NMR (CDQa, 300 MHz): 5 8.40-7.60 (br s, 2H), 6.11-5.96 (m, IH), 5.58- 
5.53 (d, IH), 5.44-5.41 (d, IH), 4.31-4.16 (m, 3H), 3.12-2.86 (m, 2 H), 1.29- 
1.25 1, 3H). 

a(S>-(2-QxQ-3-r3-(5.6.7.8-tetTahvdro-nfflna phthvridin.2-vlVnmpvn. 
imidazolidin-l-vD-pent-d-enoic aHH (19.9,) 

The title compoxind 19-2 was prepared from 2-9A and 19-1 
using the procedure described in Scheme 2. 

iH NMR (CDCI3, 300 MHz): 5 11.1 (s, IH), 7.21-7.19 (d, IH), 6.26-6.23 (d, 
IH), 5.91-5.78 (m, IH), 5.22-5.00 (m, 3H), 3.79-3.16 (m, lOH), 2.77-2.33 (m, 
5H), 2.06-1.80 (m, 4H). 
MS (FAB) 359 (M+1) 
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SCHEME 20 



2Qil 2(t2 



DIF£A,AcOH 
Br^ .N^ ^ ^NHR NaCNBHa 




2Q::lRaB0C 

^ HCl 





DNaOH 




2)EDC,H0Br 
NMM 

MeNHOMe»HCl 20=3. 



BOC II 



15-8 
AcOH, NaOAc» 
NaCNBHa, 
isopropanol 




CO2IBU 



2Q-9. RaBQC 



p-TSA. CH^Cl2 
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SCHEME 20 fCONTTmrRn^ 




COatBu 



p-nitrophenylddorofonxiate, 
DIPEA, CH2C18, dioxaae 




C02tBu 



20-11 



4-methoxybexizylaimxLe, DPPP, 
Pd(DBA>2, NaOtBu, tohiaae 




20-13 
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r3-f6-BrQmo-Pvridm-2-vlVprnnvn.f2-03ro^thv n-carbamic acid tert-hutvi 

A solution of 2,6-dibromopyridine 2QJ, (111 g, 468 mmol) and 
N-BOC-propargylamine (80.0 g, 515 mmol) in 500 ml of triethylamine at 
5 0"C was treated with copper(I) iodide (2.23 g, 11.7 mmol). The mixture 
was purged with argon and then dichlorobis(triphenylphosphine)- 
palladiumdl) (8.22 g, 11.7 mmol) was added. The solution was stirred at 
0°C for one hour, then at room temperature for 16 hoiirs. The solution 
was diluted with 250 mL ether and washed with H2O (4 X 100 mL). The 
10 organic extract was washed with brine and dried over Na2S04. The 
solvents were removed in vacuo and the crude product was purified by 
silica gel chromatography (25% EtOAc/hexane) to afford 20-2 . 
IH NMR (CDCI3, 300 MHz): 5 7.53-7.34 (m. 3 H), 4.82-4.80 (br s, 1 H), 4.18- 
4.17 (d, 2 H), 1.46 s, 9 H). 

15 

3-(2-(r3-(6-Bromo-PVridin-2-vl)-nroDvn-ter<.bii toxvcarhnnvl.aniTnn). 

To a solution of 20:2 (79.8 g, 257 mmol) in 350 mL of ethanol 
and triethylamine (26.8 mL, 193 mmol) was added platinimi(IV) oxide 

20 (2.91 g, 12.8 mmol). After stirring imder a hydrogen atmosphere for 4 
hours, the solution was filtered through a pad of ceUte and concentrated 
in vacuo. The crude product was dissolved in EtOAc (200 mL) and 
washed with H2O (4 X 250 mL) and brine (250 mL), dried over Na2S04, 
filtered, and concentrated in vacuo. The crude material was purified by 

25 silica gel chromatography (10% EtOAc/CHaa) to afford 20:2. 

IH NMR (CDCaa, 400 MHz): 5 7.48-7.42 (t, 1 H), 7.32-7.29 (d, IH), 7.13-7.10 
(d, IH), 4.71-4.70 (br s, 1 H), 3.18-3.09 (m, 2 H), 2.82-2.77 (t, 2 H), 1.96- 
1.85(m, 2 H), 1.44 (s, 9 H). 

30 3-(6-Bromo-Pvridin-2-vD-prnnv]iiTntno «hvdrochloridft (20-4) 

A solution of (3.33 g, 10.5 mmol) in EtOAc (150 mL) was 
saturated with HCl gas and stirred at room temperature for 2 hours. 
The solvent was removed in vacuo to provide 204. The crude product 
was used in the next step wihout further purification. 

35 
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r3-f6-Bromo-Dvridin-2-vl)-pronvlainino1-a cetic acid et.hvl ester (20-5) 

A solution of 3-(6-bromo-pyridin-2-yl)-propylarnine 2Q-4 (25.6 
g, 89.1 mmol), diisopropylethylamine (46.5 mL, 267 mmol), acetic add 
(28 inL, 490 mmol), and ethyl glyoxylate (10.9 g, 107 mmol) in 200 ml of - 
5 methanol was stirred at room temperature for one hour. A IM solution 
of NaCNBHa in THF (98.0 mL, 98.0 mmol) was added slowly with a 

syringe pxmip over 4 hours. The resulting solution was stirred for 12 
hours, after which the solvent was removed in vacuo and the residue 
taken up in chloroform and filtered. The solution was then washed with 
10 10% Na2C03, dried over Na2S04, and the solvent removed in vacuo to 

give the crude amine. The crude product was purified by silica gel 
chromatography (7% MeOH/CHCla) to give 20^ in a 3:2 mixture of ethj^ 

and methyl estets. 

IH NMR (CDCI3, 300 MHz) 5 7.47-7.42 (t, IH), 7.31-7.27, (t, IH), 7.13-7.10 
15 (d, IH), 4.20-4. 14, (m, 2H), 3.39 (s, 2H), 2.85-2.75 (m, 2H), 2.68-2.63 (t, 2H), 
1.96-1.88 (m, 2H), 1.29-1.24 (m, 3H). 

{r3-(6-Bromo-Pvridin-2-vl)-propvn.terf-butoxvcarbonvl-aminQ)-ac6tic acid 

20 To a solution of [3-(6-bromo-pyridin-2-yl)-propylamino]- 

acetic add ethyl ester 2£kS (17.6 g, 58.6 nunol) in THF (200 mL) was added 
di-ter^butyldicarbonate (15.3 g, 70.3 mmol). After stirring at room 
temperature for 16 hours, the solvents were removed in vacuo. The 
product was purified by silica gel chromatography (5% MeOH/CHCl3) to 

25 give 20-6 . 

IH NMR (CDCI3, 300 MHz) 5 7.47-7.42 (m, IH), 7.32-7.28 (t, IH), 7.16-7.10 
(t, IH), 4.22-4.15, (q, 2H), 3.95-3.85 (d, 2H), 3.38-3.29 (m, 2H), 2.80-2.75 (t, 
2H), 2.03-1.91 (m, 2H), 1.46-1.44 (m, 9H), 1.31-1.23 (m, 3H). 

30 r3-(6-Bromo-pvridin-2-vlVpropvn-r(m6tho3cv-meth vl-carbamovl )-methvn- 
r^hmn torf-^utvl ester (20-7) 

To a solution of (23.4 g, 58.4 mmol) in ethanol (200 mL) 
was added NaOH (100 mL IM solution in water, 100 mmol). After 
stirring for 1 h at SO'C, HCl (10.3 mL 12 M, 4.75 mmol) was added in 50 

35 mL EtOH, and the mixture evaporated to give an oily residue. The 
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residue was evaporated from ethanol three times, and then from 
acetonitnle three times, producing a yellow crusty solid whidi was dried 
under a vacuum of <2 mm Hg for 2 h. This residue was then slurried in 
acetonitnle (180 mL) and chloroforrii (180 mL), and NMM (41.7 mL, 379 
5 mmol), N,0-dimethylhydroxylamine hydrochloride (11.9 g, 122 mmol), 
HOST (10.2 g, 75.9 mmol), and EDC (14.5 g, 75.9 mmol) were added. 
After stirring for 15 h, the mixture was evaporated to dryness, the 
residue slurried in EtOAc, washed with sat. NaHCOs, brine, and dried 
over Na2S04. Evaporative removal of the solvent followed by evaporation 

10 from toluene to remove the residual NMM gave 20-7 as a yellow oil. 
TLC Rf = 0.49 (silica, 70:25:5 chloroform/ethyl acetate/methanbl) 
iH NMR (CDOa, 300 MHz) 5 7.48-7.41 (m, IH), 7.32-7.28 (t, IH), 7.17-7.11 
(t, IH), 4.14 (s, 2H), 3.73-3.70 (d, 3H), 3.39-3.30 (m, 2H), 3.18 (s, 3H), 2.80- 
2.75 (t, 2H), 2.02-1.91 (m, 2H), 1.45 (m, 9H). 

15 

r3-(6-Bromo-Dvridin-2-vl)-Dropvn-f2-oxo-etbvl)-carbamicacidterf-butvl 
ester (20-8) 

To a stirred solution of 2ai (14.9 g, 35.7 mmol) and THF (100 
ml) at -78°C was added DIBAL (l.OM/hexanes, 53.6 ml, 53.6 mmol) 
20 dropwise over 20 minutes. After 1 h, the mixture was warmed to RT and 
quenched by the careful addition of 20 mL MeOH. 200 ml of 1.0 M 
Rochelle's salt was then added followed by the removal of the cooling 
bath. The mixture was stirred for 1.0 hour and then diluted with Et20. 

After another 30 minutes of stirring, the organic portion was separated 
25 and dried over MgS04. Evaporative removal of the solvent gave the 

crude aldehyde 20-8 as a colorless oil. 

iHNMR (CDCa3, 300 MHz) 5 9.59-9.56 (d, IH), 7.48-7.43 (t, IH), 7.32-7.26 
(m, IH), 7.14-7.07 (m, IH), 3.53-3.26 (m, 4H), 2.80-2.72 (m, 2H), 2.00-1.93 
(m, 2H), 1.44 (s, 9H). 

30 . 

3-(5-Ethoxv-Pvridin-3-vl)-propiomc acid tert-butvl ester (20-9) 

A mixture of the crude aldehyde 20^ (0.671 g,.1.88 mmol), 
amine (0.651 g, 2.44 mmol), acetic add (0.107 mL, 1.88 mmol), 
NaOAc (1.54 g, 18.8 mmol), and powdered molecular sieves (1.20g) in 2- 
35 propanol (15 mL) was stirred for 20 minutes. The mixture was cooled to 
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O'C and then NaBHaCN (0.354 g, 5.64 mmol) was added. After stirring 6 
hours, the pH of the mixture was adijusted to ~2 with IN HCl. The 
solution was stirred for an additional 10 minutes, ethyl acetate (20 mL) 
was added; and the pH was adjusted to -11 with 10% potassium 
5 carbonate. The organics were extracted with ethyl acetate, dried over 
Na2S04, and removed in vacuo. The residue was chromatographed 
(siUca gel, [70:25:5 CHCl3/EtOAc/MeOH]) to give 20:3 as a yellow oil in 
95% yield. 

iHNMR (CDCI3, 300 MHz): 5 8.19-8.18 (d, IH), 8.14-8.13 (d, IH), 7.48-7.42 
10 (t, IH), 7.32-7.26 (m, IH), 7.23-7.20 (m, IH), 7.11-7.08 (m, IH), 4.16-4.02 
(m, 3H), 3.30-3.18 (m, 4H), 2.74-2.45 (m, 7H), 1.92-1.86 (t, 2H), 1.45-1.38 
(m, 21H). 

3-(2-r3-(6-Pi:o mQ-PYridin-2-YlVnropvlaminn1-flthvlaininnl-.q(S)-f5-ethnyv- 
15 Pvridin-3-vD-propionir add tert-hntiA ester (20-10^ 

To a solution of 3-(5-ethoxy-pyridin-3-yl)-propionic add tert- 
butyl ester 203 (0.085g, 0.141 mmol) in dichloromethane (5 mL) was 
added p-toluenesulfonic add (0.161 g, 0.847 mmol). The mixture was 
stirred for 2 hours at room temperature and was then neutralized with 
20 INNaOH. The organiclayer was extracted (3 X 25 mL) with CHQs, 
dried, and concentrated in vacuo. The crude product 20-10 was not 
purified (0.069 g, 96% yield). 

iH NMR (CDCI3, 300 MHz): 5 8.23-8.21 (m, 2H), 7.45 (s, IH), 7.40-7.35 (m, 
IH), 7.28-7.25 (t, IH), 7.04-7.01 (d. IH), 6.28 (br s, 2H) 4.39-4.33 (t, IH), 4.00- 
25 3.92 (q, 2H), 3.40-3.35 (m, 2H), 3.28-3.22 (m, IH), 3.15-2.90 (m, 4H), 2.79- 
2.71 (m, 3H), 2.14-2.01 (m, 2H), 1.34-1.26 (m, 12H). 

3-f3'r3-(6-BTOmo-PYndin-2-vi)-propvll-2-oxo-imi(!fl7nliHm .i.vn.3(SVffi- 

ethoxv-Pvridin-3-vI)-prnpTnnifi add ter<-hi ttvl ester (20-11 > 
30 . To a stirred solution of 20-10 (0.80 g, L57 mmol) and di- 

isopropylethylamine (0.823 mL, 4.72 mmol) in dichloromethane (10 mL) 
at 0°C was added p-nitrophenyl chlorofonnate (0.333 g, 1.65 mmol). The 
solution stirred for 30 minutes and dioxane (10 mL) was added, then 
refluxed for 4 hours. EtOAc (100 mL) was added and the organics were 
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washed with 10% K2CO3, dried, and concentrated in vacuo. The residue 
was chromatographed (silica gel, [70:20:10 CHCI3/ EtOAc/ MeOH]) to 
give 20-11 . 

iH NMR (CDCI3, 400 MHz) 5 8.22-8.18 (dd, IH), 8.14-8.13 (t, IH), 7.46-7.37 
5 (m, IH), 7.31-7.24 (m, IH), 7.20-7.16 (m, IH), 7.11-7.09 (d, IH), 4.09-4.04 (q, 
2H), 3.34-3.16 (m, 5H), 2.99-2.87 (m, 2H), 2.77-2.69 (m, 2H), 2.63-2.46 (m, 
2H), 1.97-1.88 (m, 2H), 1.44-1.37 (m, 12H). 
MS M+1 = 533.3 

0 3(S)-(5-EthQXV-PVridin-3-vl)-3-f3-(3-r6-f4-methoxv-henzv1a imnoVDvridin-2- 
vll-proPvl}-2-QXO-imidazQlidin-l-vlVproT)iQnic acid tert-hut sii ester (20-12) 

To a stirred solution of 20-11 (0.075 g, 0.142 mmol) in toluene 
(3 mL) was added Pd(DBA)2 (0.0041 g, 0.0071 mmol), DPPF (0.0039 g, 

0.0071 mmol), and NaOi-Bu (0.0163 g, 0.170 mmol) followed by 
5 p-methoxyhenzylamine (0.0204 mL, 0.156 mmol). The resulting solution 
was heated at 110°C for 2 hours. The solution was cooled and the solvent 
was removed in vacuo. The product was purified by silica gel 
chromatography (10% EtOH/EtOAc) to give 20-12 . 
iH NMR (CDCI3, 400 MHz) 5 8.21-8.20 (d, IH), 8.14-8.13 (d, IH), 7.33-7.25 

D (m, 3H), 7.19-7. 17 (t, IH), 6.87-6.84 (d, 2H), 6.45-6.43 (d, IH), 6.21-6.18 (d, 
IH), 5.48-5.42 (t, IH), 5.26 (br s, IH). 4.38-4.37 (d, 2H), 4.09-4.01 (q, 2H), 
3.79 (s, 3H), 3.31-3.18 (m, 5H), 3.07-2.87 (m, 3H), 2.63-2.58 (t, 2H), 1.95-1.84 
(m, 2H), 1.49-1.39 (m, 12H). 

5 3(S)-(5-Ethoxv-pvridip-3-vn.3-f3-f3-rfi.f4-m6thoxv-benzvl aminoVpvridin-2- 
vll-propvl>-2-oxo-imida2olidin-l-vlVpropionic add (20.1.^) 

To a stirred solution of 20-12 (0.028 g, 0.047 mmol) in 
dichloromethane (10 mL) was added TFA (1 mL). After 1 hour, the 
solvent was removed in vacuo and azeotroped twice with toluene (15 mL). 

} . The residue was chromatographed (silica gel, 25:10:1:1 followed by 
15:10:1:1 ethyl acetate /EtOH /wratei/NH40H) to give 20-13 as a white 

solid. 

iH NMR (CDCaa, 400 MHz): 6 8.21-8.20 (d, 2H), 7.50-7.46 (t, IH), 7.31-7.26 
(m, 2H), 7.19 (s, IH), 6.88-6.85 (d, 2H), 6.42-6.40 (d, IH), 6.34-6.32 (d, IH), 
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5.69-5.63 (m, IH), 5.30 (s, IH), 4.43-4.41 (d, 2H), 4.09-4.01 (q, 2H), 3.77 (s, 
3H), 3.75-3.44 (m, 3H), 3.24-2.86 (m, 4H), 2.79-2.67 (m, 3H), 2.03-1.90 (m, 
2H), 1.44-1.41 (t, 3H). 
MS (FAB) 534 (M+1) 

5 

3-{3-r3-(6-Amino-Pvridin-2-vl)-proDv11.2. oxo.iimdazolidin.l-vl]-3fSVffi. 

ethoxv-Pvridin-3-vl)-propionic add (20-14) 

To a stirred solution of 20-13 (0.031 g, 0.052 mmol) in 

dichloromethane (10 mL) was added TFA (1 mL). The solution was 
10 stirred for 16 hours at SS'C. after which the solvent was removed in 

vacuo and azeotroped twice with toluene (15 mL). The residue was 

chromatographed (silica gel, 15:10:1:1 followed by 10:10:1:1 ethyl acetate 

/EtOH /water /NH4OH) to give 20-14 as a white solid. 

iH NMR (CD3OD, 400 MHz): 5 8.13-8.10 (m. 2H), 7.59-7.54 (t, IH), 7.38- 
15 7.35 (m, lED, 6.60-6.57 (d, 2H), 5.53-5.47 (q, IH), 4. 15-4.09 (q, 2H), 3.64-3.57 

(m, IH), 3.47-3.41 (m, IH), 3.28-3.21 (m, 2H), 3.07-2.90 (m, 3H), 2.76-2.61 

(m, 3H), 2.02-1.83 (m, 2H), 1.42-1.38 (t, 3H). 

MS (FAB) 414 (M+1) 
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3-Bromo-6-chloro-5-nitropvridine (21-2^ 

A suspension of CuCl2 (3.33 g, 24.8 mmol) in anhydrous 
5 CH3CN (200 mL) at 65** was treated with tert-butyhiitrite (3.13 mL, 26.3 

mmol), followed by the dropwise addition of a solution of 21-1 in 60 ml of 
CH3CN. The resulting mixttire was stirred under an argon 

atomsphere at 65** for 2 h and concentrated at reduced pressure. The 
residue was partitioned between EtOAc (150 mL) and 3% HCl (60 ml), 

10 and the organic layer washed successively with 3% HCl, water, and 
brine (60 mL), then dried, filtered and concentrated to afford a brown 
solid which was chromatographed on silica (25% EtOAc/Hexane) to 
* afford 21-2 as a yellow crystaline solid. 
TLC Rf = 0.60 (25% EtOAc/ Hexane) 

15 iH NMR (300 MHz, CDCI3) 5 8.70 (d, J=2.4 Hz, IH), 8.37 (d, J=2.4 Hz, IH). 

(3-Nitro-5-bromo-Pvridin-2-vloxv)-acetic add m ethvl ester (21-3) 
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Methyl glycolate (450 mg, 5.05 mmol) was added to a 
suspension of 60% NaH (131 mg, 55 mmol) in THF (20 mL) at 0**. The 
resulting solution was stirred under argon for 0.5 h, then treated with a 
solution of 21-2. After stirring at 0° for 0.5 h, the reaction was diluted 
5 with ethyl acetate, and washed with successively with sat. NaHCOs, 

water and brine (80 mL each), then dried, filtered and concentrated to 

afford 21^ as a yellow solid. 

TLC Rf = 0.70 (25% EtOAc/ Hexane) 

IH NMR (300 MHz, CDCI3) 5 8.46 (d, J= 2.4 Hz, IH), 8.37 (d, J= 2.4 Hz, 
10 IH) 5.15 (s, 2H), 3.78 (s, 3H). 

2- Oxo-2,3-dihvdro-lH-4-oxa-1.5-diaza-7-bromQ-naphthalene f21-4) 

A mixture of 21:3 (1.5 g, 5.12 mmol) and powdered tin (1.37 
g, 11.5 mmol) was treated with cone. HCl (10 mL). The mixture was 
15 heated to 80° for 2 h, then cooled and concentrated. The residue was 
partitioned betwen CHCI3 and sat. NaHC03, washed with brine, then 

dried, filtered and concentrated to afford a yellow solid. 
Chromatography on silica gel (50% hexane/EtOAc) gave 21-4 as a yellow 
solid. 

20 TLC Rf = 0.65 (50% EtOAc/ Hexane) 

iH NMR (300 MHz, DMSO-de) 8 10.81 (br,s> IH), 7.88 (d, J=2.4 Hz, IH), 

7.25 (d, J=2.4 Hz, IH), 4.81 (s, 2H). 

3- fg-Q^Q-g,3-(^hY(3yo-:tH-4-9?^^-^.g-di£^;^a-qap a^d 

25 m-W^l Qgter (? 

A mixture of (1.12 g, 4.89 mmol), (o-tol)3P (298 mg, 1.0 
mmol), Pd(0Ac)2 (110 mg, 0.49 mmol), and triethylamine (0.86 mL, 5.87 
mmol) in DMF (20 mL) was placed in a 100-mL flask. The mixture was 
degassed with argon, then tert-butyl acrylate (752 mg, 5.87 mmol) was 
30 added and the tube sealed and heated to 100*^ for 12 h. The reaction 
mixture was diluted with ethyl acetate, filtered and washed with 
NaHC03, water, and brine, dried, filtered and concentrated. 

Chromatography on silica gel (25% hex/EtOAc) gave 21-5 as a yellow 
solid. 

35 TLC Rf = 0.60 (25% EtOAc/ Hexane) 
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iH NMR (300 MHz, DMS0-d6) 5 10.91 (br,8, IH), 8.15 (d, J=2.4 Hz, IH), 
7.54 (d, J=16 Hz, 1 H), 7.42 (d, J= 2.4 Hz, IH), 6.35 (d, J=16 Hz, 1 H), 4.84 
(s, 2H), 1.48 (s, 9H). 

5 .^fSVreen7y]-flfflVT)hBnv1ftthvn-aminn1 -3-(2-OYfv2..^-dihvdro^lH-4-nYfl.1 S 
diaza-naphthaIen-7-Yl)-propiomc acid tert-h utvl ester f21-fi) 

A solution of N-benzyl-a-(i2)-methylbenzylamine (0.82 g,3.87 
minol) in THF (25 mL) at 0°C was treated with n-BuLi (1.6 mL of a 2.5 M 
soln in hezanes). The resulting solution was stixred at 0°C for 30 ^wii^ 
10 and then cooled to -78'C. A solution of acrylate 21-5 (0.485 g, 1.76 xnmol) 
in THF (5 mL) was added. After stirring for 15 min at -78''C, satd aq 
NH4CI soln (5 mL) was added and the cold bath removed. The mixture 
was warmed to room temperature, and extracted with Et20 (2 z 40 mL). 

The combined organic extracts were washed with brine (30 mL), dried 
15 over MgS04, £Qtered, and concentrated. The residue was purified by 
flash chromatography (40% ethyl acetate/hexanes) to give the P- 
aminoester 21-6 as a yellow oil. 
TLC Rf = 0.3 (40% ethyl acetate/hexanes) 

iH NMR (300 MHz, CDCaa) 5 IH NMR 8.70 (br, s, IH), 7.91 (d, J=1.8 Hz, 
20 lH),7.4-7.2 (lOH), 7. 12 (d, J=1.8 Hz, IH), 4.80 (s, 2 H), 4.42 (m, IH), 3.91 (q, 
J=6.7 Hz, 1 H), 3.69 (d, J=7.2 Hz, IH, ), 3.62 (d, J =7.2 Hz, IH, ), 2.46 (m, 
2H), 1.34 (d, J=7.0 Hz, 3H), 1.29 (s, 9H). 

3rS)-Amino-3-f2-oxo-2.3-dihvdro-lH-4-oya.1 5.diaza.napht halen.7-vl). 
25 propionic acid tert-butvl ester (21-7) 

A mixture of the dibenzylamine (0.22 g, 0.44 mmol) in 
EtOH/H20/AcOH (26 mL/3 mL/1.0 mL) was degassed with argon and 
treated with Pd(0H)2 (100 mg). The mixture was placed under 1 atm of 
H2. After stirring for 18 h, the mixtmre was diluted with EtOAc and 

30 . filtered through ceUte. The filtrate was concentrated and the residue 
purified by flash chromatography (20% 20:1:1 EtOH/NH40HZH20 - 80% 

EtOAc) to give the ^erf-butyl ester 21-7 as a white solid. 
TLC Rf = 0.5 (20% 20:1:1 EtOH/NH40H/H20 - 80% EtOAc) 
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iH NMR (300 MHz, CD3OD) 5 7.89 (d, J= 1.7 Hz, IH), 7.31 (d, J=1.7 Hz, 
IH), 4.81 (s, 2H), 4.38 (m, IH), 2.6, (m, 2H), 1.41 (s, 9H). 

3(R)-rBepg^Hl-phenYlethvlVarmno1-3fSU2-thinTn.2 3.dihvd«>-1TT.4.nva- 
5 1.5-diaza-naphthalen-7-vn.propinnip. ar id tert. butvT ester (21-fi) 

A solution of 21& (0.22 g, 0.44 mmol ) in anhydrous THF 
was treated with Laweason's reagent (0.098 g, 0.243 mmol) and stirred at 
room temperature for 1.5 h. Silica gel (500 mg) was added to the reaction 
mixture and the solvent was removed at reduced pressiure and the 
10 product was eluted from silica using 25% EtOAc/hexane to afford 21-8 as 
a yellow solid. 

TLC Rf = 0.7 (40% EtOAc/hexane) 

IH NMR (300 MHz, CD3OD) 59.82 (br, s, IH), 7.95 (d, J=1.8 Hz, 1H),7.4- 
7.2 (IIH), 5.08 (s, 2 H), 4.42 (m, IH), 3.91 (q, J=6.7 Hz, 1 H), 3.69(d, J=7.2 
15 Hz, IH. ), 3.62 (d, J =7.2 Hz, IH), 2.46 (m, 2H), 1.34 (d, J=7.0 Hz, 3H), 1.29 
(s, 9H). 

3fS)-AjmnQ-3-f2.3-dihvdro-lH-4-oxa-1.5.dia2a.naT)h thal6n.7-vn-nrnTiinnt«. 
acid terf-butvi eater (21-9) 

20 A solution of gifi (1.0 g, 1.9 mmol) in anhydrous Et20 (10 

mL) at 0" was treated dropwise with LiAlH4 (2.09 ml of a 1.0 M solution 
in Et20). The resulting solution was stirred at 0°C for 30 min and then 
quenched by the sequential addition of H2O (0.3 mL), 15 % NaOH (0.08 
mL). Celite (1 g) was added and the mixture filtered through a CeUte 

25 pad. The filtrate was evaporated and the residue was purified by flash 
chromatography (65% ethyl acetate/hexanes) to give the dibenzylamine 
intermediate as a jrellow oil. 
TLC Rf 3 0.4 (65% ethyl acetate/hexanes) 

iH NMR (300 MHz, CDCI3) 8 IH NMR 7.61 (d, J=1.8 Hz. lH),7.4-7.2 (lOH), 
30 6.87 (d, J=1.8 Hz, IH), 4.41 (m, 2 H), 4.36 (m, IH), 3.91 (q, J=6.7 Hz, 1 H), 
3.8 (brs, IH), 3.69 (m, 2H), 3.42 (m, 2H), 2.46 (m, 2H), 1.34 (d, J=7.0 Hz, 
3H), 1.29 (s, 9H). 

This material was deprotected with Pd(0H)2 in ethanol to afford 21:2 as a 
white soHd: TLC Rf = 0.5 (20% 20:1:1 EtOH/NH40H/H20 - 80% EtOAc) 
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iH NMR (300 MHz, CD3OD) 5 7.59 (d, J=1.7 Hz, IH), 6.92 (d, J=1.7 Hz, 
IH), 4.41 (m, 2H), 4.30 (m, IH), ), 3.41 (m, 2H), 2.6, (m, 2H), 1.41 (s, 9H). 

3fS)-(2-Oxo-2.3-dihvdro-lH-4-oya -l..q-dia?:a-TiaDhthalen-7-vl)-3-f2-oxo-3-r3- 
5 f5.6.7.8-tetrahvdro-ri.81naDhthvridin -2-vl)propvl1-imida2oKdm-l- 
yllpropionic acid (21-10) 

The title compound 21-10 was prepared from 2-9A and 21-7 
using the procedure described in Scheme 2. 
High resolution MS Calc'd.=418.2198, Obs'd = 481.2193. 

10 

3(SV(2.3-Dihvdro-lH.4-oxa-l.S.diaira .naphth9len-7-vl).3-f2-03ro.3.r.^- 
f5.6.7.8-tetrahvdro-ri.81naphthvridin-2-vnp roDvn-imida2olidin-l- 
Yllpropionic aciJ (21-11) 

The title compound 21-11 was prepared from 2-9A and 21-8 
15 using the procedure described in Scheme 2. 

High resolution MS Calc'd.=487.2417, Obs'd = 467.2401. 
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Scheme 22 




22^ 22:A 



I I 




22:S 22-6 



3-Oxo-3.4-dihvdro-2H-l-oxa-4.5-diaza-7-hrnTnff.nqp>^t,h ff 1 enef22-2) 

A solution of (4.8 g, 32 mmol) in MeOH (160 mL) at -15° 
was treated dropwise with bromine (25.7 g, 161 mmol). After stirring at 
5 -15" for 0.5 h, the mixture was warmed to ambient temperature and 
. stirred overnight. The resulting white precipitate was filtered and 
washed with cold MeOH to afford 22-2 as a white soUd. 
TLC Rf = 0.65 (50% EtOAc/ Hexane) 

IH NMR (300 MHzJDMS0-d6) 8 11.2 (br s, IH). 8.05 (d, J= 2.4 Hz. IH), 7.66 
10 (d, J= 2.4 Hz, IH), 4.76 (s, 2H). 
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3fSVAmino-3-f3-oxo-3.4-dihvd ro-2H-l-oxa-4.5-diaza-naphthalen-7-vl)- 
propionic acid tert-butvl ester (22-H) 

Bromide "22:^ was converted to amino ester 22-3 as 
5 illustrated in Scheme 21. 

TLC Rf = 0.5 (12% 20:1:1 EtOH/NH40H/H20 - 88% EtOAc) 

IH NMR (300 MHz, CD3OD) 5 8.04 (d, J= 1.7 Hz, IH), 7.34 (d, J=1.7 Hz, 

m), 4.76 (s, 2H), 4.38 (m, IH), 2.6, (m, 2H), 1.41 (s, 9H). 

10 ■<<rs^-Aminn-3-f3-oxo-3.4-dihvdro-2 H-l-oxa-4.5-diaza-naphthalen-7-vl')- 
propionic add te/t-butvl ester (22-4) 

Bromide 22-2 was converted to amino ester 22-4 as 
illustrated in Scheme 21. 

TLC Rf = 0.5 (20% 20:1:1 EtOH/NH40H/H20 - 80% EtOAc) 
15 iH NMR (300 MHz, CD3OD) 5 8.04 (d, J= 1.7 Hz, IH), 7.34 (d, J=1.7 Hz, 
IH), 4.76 (s, 2H), 4.38 (m, IH), 2.6, (m, 2H), 1.41 (s, 9H). 

3fSU3-Oxo-3.4-dihvdro-2H-l-oxa-4. 5-diaza-naphthalen-7-vlV3-f2-oxo-3-r3- 
(5.6.7 .8-tetrahvdro-ri.81naphthvriHin.2-vnpmpvn-imi dazolidin-l- 
20 vllpropionic acid (22-5) 

The title compoim d 22-5 was prepared from 2-9A and 22-3 
using the procedure described in Scheme 2. 
High resolution MS Calc'd.s481.2198, Obs'd = 481.2194. 

25 3(SV(3.4-DihvdrQ-2H-l-oxa-4.5-diaza.naphth alen.7.vl)-3-f2-oxo-3-r3- 
(5.6.7.8-tetrahvdro-ri.81naphthvridin-2-v1)n ropvn-imidazolidin-l- 
vHpropionic acid (22-6) 

The title compoimd 22^ was prepared from 2-9A and 224 
using the procedure described in Scheme 2. 

30 . High resolution MS Calc'd.=467.2417, Obs'd = 467.2411. 
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Schemg 23 




HOgC^ COgEt 
NH4AC, EtOH 




21A 




Furo-r2.3-b1pvridine-5-carboxaldehvde ( 23-2^ 

A solution of alcohol ^gj. (M. Bhupathy, et al., 
5 Heterocvcl. Chem. 1995. 32. 1283-1287) was i:rflaterf ^xn^h AvrAsa MnOo fin 

eq) and the mixture stirred at room temperature for 16 h, then filtered 
through Cdite and evaporated to afford 23-2 as a white solid. 
TLC Rf = 0.40 (25% EtOAc/Hexane) 
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iHNMR (300 MHz, CDCI3) 5 10.22 (s, IH), 9.05 (d, J= 1.8 Hz, IH). 8.27 (d, 
J=1.7 Hz, IH) 8.08 (d, J=1.8 Hz, IH), 7.10 (d, J=1.7 Hz, IH). 

3-ATnino-3-ffiiror2.3-blDvridm-5-vl)-nropiomc acid ethvl eater (23-3) 
5 A solution containing aldehyde 23-2 (1.5 g, 10 mmol), ethyl 

hydrogen malonate (1.6 g, 20 mmol), and ammonixim acetate (3.8 g, 50 
mmol) in anhydrous ethanol (125 mL) was heated at reflux for 8 h. After 
cooling to room temperature, the solvent was evaporated and the residue 
partitioned between sat. sodium bicarbonate and EtOAc, the organic 

10 layer removed, dried, and concentrated. Chromatography of the residue 
afforded the amino ester 23^ as a waxy solid. 
TLC Rf = 0.5 (20% 20:1:1 EtOH/NH40H)H20 - 80% EtOAc) 
iH NMR (300 MHz, CD3OD) 5 8.34 (d, J=1.7 Hz, IH), 8.04 (d, J=1.7 Hz, 
IH), 7.72 ( d, J- 1.7 Hz, IH). 6.78 (d, J = 1.7 Hz, IH), 4.62 (m, IH), 4.13 (q, 

15 J=7.5 Hz, 2H), 3.20 (br, s, 2H), 2.76 (m, 2H), 1.23 (t, J= 7.5 Hz, 3H). 

3.Furor2.3-blpvridin-6.vl-3-(2.oxn-3-r3 -f5.6.7.8-tetrahvdro- 
ri.81naphthvridin-2-vl)DrQPvnimidazolidin-l-vl}propiomc acid f23-4) 

The titile compoxmd 23-4 was prepared firom 2-9A and 23^ 
20 using the procedure described in Scheme 2. 

TLC Rf = 0.30 (50% 20:1:1 EtOH/NH40H/H20 -50% EtOAc). 

FAB MS Obs'd 450.1 (M+H). 

3.f2.3-Dihvdrofiiror2.3-b1nvridin-6-vlV3 -f2-oxo-3-r3-f5.6.7.8-tetrahvdro- 
25 ri.81naphthvridin-2-vl)propvnimidazolidin.l-vHpropionic acid (23-5) 

A solution of ^ (360 mg, 0.80 mmol) in MeOH (10 mL) 
was treated with 10% Pd/C (100 mg) and stirred under a hydrogen 
atmosphere for 18h. The catalyst was removed by filtration through 
celite and the residue chron[iatographed (75% 20:1:1 £tOH/NH40H/H20 - 

30 . 25% EtOAc) to afibrd^Sig as a colorless glass. 

TLC Rf = 0.30 (50% 20:1:1 EtOH/NH40H/H20 -50% EtOAc) 

FAB MS Obs'd 452.2 (M+H). 
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Scheme 24 



MnOi 



CHgClj 




HOgC^COgEt 
NH4AC, EtOH 



Furor3.2-bTDvridine-S-carhoxaldehv<^ft ^24-9.^ 

A solution of alcohol 2^ (J.M. HoflRman, Jr., US Patent No. 
4,808,595) was treated with excess Mn02 (10 eq) and the mixture stirred 

at room temperature for 16 h, then filtered through Celite and 
eyaporated to afford 24-2 as a white solid. 

iH NMR (300 MHz, CDCI3) 5 10.18 (s, IH), 8.92 (d, J= 1.8 Hz, IH), 8.17 (d. 
J=1.7 Hz, IH) 7.89 (d, J=1.8 Hz, IH), 7.10 (d, J=1.7 Hz, IH). 
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3-ATnino-3-rfiiror3.2-blDvridm-S-vl)-DroDioni c acid ethvl ester (24-3) 

A solution containing aldehyde 24^2 (1.5 g, 10 mmol), ethyl 
hydrogen malonate (1.6 g, 20 mmol), and ammonirun acetate (3.8 g, 50 
5 mmol) in anhydrous ethanol (125 mL) was heated at reflux for 8 h. After 
cooling to room temperature, the solvent was evaporated and the residue 
partitioned between sat. sodium bicarbonate and EtOAc, the organic 
layer removed, dried, and concentrated. Chromatography of the residue 
afforded the amino ester 24-3 as a waxy soUd. 
10 TLC Rf = 0.5 (20% 20:1:1 EtOHZNH40HZH20 - 80% EtOAc) 

IH NMR (300 MHz, CD3OD) 6 8.58 (d, J=1.7 Hz, IH), 7.89 (d, J=1.7 Hz, 
1H),7.85( d, J- 1.7 Hz, IH), 6.98 (d, J = 1.7 Hz, IB), 4.62 (t, J= 7.2 Hz, IH), 
4.09 (q, J=7.5 Hz, 2H), 2.76 (m, 2H), 2.20 (br, s, 2H), 1.21 (t, J= 7.5 Hz, 3H). 

15 3-(Furor3.2-blDvridin-6-vn-3-(2-oxo-a-r.q-fi^. 6.7.8-tetrahvdro- 

ri.81naphthvridin-2-vl)propvnimidazolidin-1-vl )promomc acid (24-4) 

The title compound 244 was prepared from 2-9A an d 24-3 
using the procediire described in Scheme 2. 
TLC Rf = 0.56 (75% 20:1:1 EtOH/NH40H/H20 -25% EtOAc) 

20 High resolution MS Calc'd.=450.2117, Obs'd = 450.2136. 

3-(2.3-Dihvdrofuror3.2-b1pvridin-6-vlV 3-f2-Qxo-3-r3-r5.6.7.8-tetrahvdro- 
ri.81nat>hthvridin-2-vl Wopvnimidaznlidi n-l-vl)propionic acid (24-5) 

A solution of (181 mg, 0.38 romol) in acetic acid (5 mL) 
25 was treated with Pt02 (100 mg) and stirred under a hydrogen 

atmosphere for Ih. The cataljrst was removed by filtration through celite 
and the residue chromatographed (75% 20:1:1 EtOH/NH40H/H20 -25% 

EtOAc) to afford ^ing as a colorless glass. 

TLC Rf = 0.50 (75% 20:1:1 EtOHZNH40H/H20 -25% EtOAc) 

30 High resolution MS Calc^d.=452.2298, Obs'd = 452.2238 



- 162- 



wo 99/31099 



PCT/US98/26S68 



Scheme 25 



gOgH 

2SA 




25:2a (X=CH) 
25.2b (X=N) 

EDC, HOAT 
NMM. OMF 




25i5a (X=CH) 
25-5b (X=N) 




25.3a (X=CH) 
25:^ (X=N) 



1. HOAc, 65° 

2. HCI, EtOAc 



N^NH 



HoN' 



^COaMe 

2§4a (X=CH) 
25.4b (X=N) 



10 



IS 



methvl eater f 25.3a) 

A mixture of Boc-L-aspartic add-P-methyl ester 25-1 (S.Og, 
20.2 oomol), o-phenylenediaixune 25.2a (2.2 g, 20.2 mmol), EDC (3.9 g, 
20.2 mmol), HOAT (0.28 g, 2.02 mmol), and NMM (6.7 mL, 60.7 mmol) in 
DMF (50 mL) was stirred for 18 h at ambient temperature. The solution 
was diluted with EtOAc (250 mL) and washed with sat sodium 
bicarbonate, water, and brine (50 mL each), then dried and evaporated to 
afford 25.3a as a yellow solid. 
TLC Rf = 0.50 (95% CHCl3/5% isopropanol) 

iH NMR (300 MHz, CDCI3) 5 8.10 (br,8, IH), 7.23 (d, J= 7.8 Hz, IH), 7.08 
(t, J=7.8 Hz, IH) 6.78 (m, 1H),5.8 (br d, IH), 4.65 (m, 1 H), 3.76 (s, 3H), 
3.15 (dd, J=4.6, 16 Hz, IH), 2.90 (dd, J=: 5.1, 16 Hz, IH), 1.48 (s, 9H). 
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•^(t?)-ATnTno-3-fbenzimidazol- 2-vn-proDionic acid methvl ester f2S-4a) 
Ester 2g:2a (1-0 g, 3 mmol) was dissolved in acetic add (50 
^ mL) and heated to 65** for 2 h. The solvent was removed to afford the Boc- 
5 protected intermediate as a white solid. The crude material (920 mg, 2.43 
mmol) was dissolved in EtOAc, cooled to 0", and treated with HCl gas to 
give 25-4a as a tan solid. 

iH NMR (300 MHz, CD3OD) 5 7.80 (m, 2H), 7.35 (m,2H), 5.98 (m, IH), 
3.80 (m, 2H), 3.76 (s, 3H). 

10 

3fS)-fBenzimida20l-2-vlV3-f2.Qxo-3-r3- f5.6.7.«-tRtrahvdm- 
ri.81naphthvridin-2-vl)propvnimida2QKdin- l-vnproDionic add f25-5a) 

ThS title compound 25-5a was prepared from 2-9A and 25-4a 
using the procedxire described in Scheme 2. 
15 TLC Rf = 0.30 (50% 20:1:1 EtOH/NH4OHZH2O-50% EtOAc). 

FAB MS Obs'd 449.2 (M+H). 



3fSVflH-Imidazor4.5-c1pvridin-2-vlV 3-(2-oxo-3-r3-f5.6.7.8-tetrahvdro- 
ri.81naphthvridin-2-vl)pronYll-iTnidazolidin-l-vlk)ropionic add f25-5h> 
20 The title compound 25-4b was prepared as described above 

substituting 3,4-diaminopyridine for o-phenylenediamine. 
TLC Rf = 0.25 (50% 20:1:1 EtOHZNH40H/H20 -50% EtOAc). 

FAB MS Obs'd 450.2 (M+H). 
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CO2H 

25=1 



Schfime 2fi 



26-1 



EDC, HOAT 
NMM. DMF 




HO 

BocHN^^°2M^ 
26-2 



1. DEAD, PhgP 
THF 

2. HOI, EtOAc 



10 



15 





26-3 



N-fSVf2-Hvd^oxv-phenvlVa-<gr^butoyvcar^^nnvlflminn-s^lf■RiT1am^r arir^ 
methvl ester (26-2) 

A mixture of Boc-L-aspartic add-P-methyl ester (25-1) (5.0g, 
20.2 mmol), 2-amino phenol. (26-1) (2.2 g, 20.2 mmol), EDC (3.9 g, 20.2 
mmol), HOAT (0.28 g, 2.02 mmol), and NMM (6.7 mL, 60.7 mmol) in 
DMF (50 mL) was stirred for 18 h at ambient temperatiire. The solution 
was diluted with EtOAc (250 mL) and washed with sat. sodium 
bicarbonate, water, and brine (50 mL each), then dried, and evaporated 
and chromatographed on silica (EtOAc) to afford 26-2 as a white solid. 
TLC Rf = 0.55 (EtOAc) 

IH NMR (300 MHz, CDCI3) 5 7.23 (d, J= 7.8 Hz, IH), 6.89 (t, J=7.8 Hz, 
IH), 6.78 (m, IH), 5.68 (br d, IH), 4.65 (m, 1 H), 3.76 (s, 3H), 3.15 (dd, 
J=4.6, 16 Hz, IH), 2.90 (dd, J= 5.1, 16 Hz, IH), 1.48 (s, 9H). 

3(SVAroino-(3-benzoxazQl-2-Yl)-propionic add methvl ester (26-3) 
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Ester 2g::g (2,0 g, 6.0 mmol) was dissolved in anhydrous 
THF (150 mL) along with Ph3P (1.58 g, 6.0 mmol) . The resulting 

solution was cooled to 0°, and a solution of diethyl azodicarboxylate (1.53 
g, 6.2 mmol) in THF (25 mL) was added dropwise. The cooling bath was 
5 removed and the solution stirred overnight at ambient temperature. The 
solution was concentrated and the residue chromatographed (75% 
EtOAc/Hexane) to afford the Boc-protected ester as a colorless glass. 
The crude material (1.8 g, 5.0 mmol) was dissolved in EtOAc, cooled to 0** 
and treated with HCl gas to give 26^3 as a tan solid 
10 iH NMR (300 MHz, CD3OD) 8 7.81 (m, 2H), 7.40 (m,2H), 5.05 (t, J= 7.4 Hz, 

IH), 3.72 (s, 3H), 3.30 (m, 2H). 



2-vl)propvllimidazohdin>l-vl)t)roDionic acid (26-4) 
15 The title compound 2fr4 was prepared from 2-9A and 

using the procedure described in Scheme 2. 
TLC Rf = 0.40 (50% 20:1:1 EtOH/NH4OH/H2O-50% EtOAc). 

FAB MS Obs'd 450.3 (M+H). 




CH3I, K2CO3 

CH3CN ' 



SCHEME 27 



JCH3 



N-N 



V — . 

Br H,N^<^°»« 



22:2 
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1-Met.hvl-4-bromopvrazole f27-2) 

Methyl iodide (8.47 mL, 136 nunol) was added to -a.mizture 
5 of 4-bromopyrazole 27-1 (10 g, 38 nunol), and K2CO3 (18.9 g, 136 mmol) in 
CH3CN (160 mL) and the mixttire stirred at room temperature for 16 h, 

then filtered and evaporated to yield 27-2 as a yeUow oil. 

iH NMS (300 MHz, CDCHa) 5 7.44(s, 1H),7.38 (s, IH), 3.90 (s, 3H). 

10 3 rS)-ATnino-3-f l-methvl-lH-pvra2ol-4-vn.propiQnic add ethvl eater (27.3) 

The bromide 27-2 was converted to the amino ester 27-3 
following the procedure depicted in Scheme 1. 

iH NMR (300 MHz, CD3OD) 5 7.81 (s, 1H),7.58 (s, 1H),4.80 (m, IH), 4.05 
(q, J= 7.0 Hz, 2 H), 3.89 (s, 3H), 3.00 (m, 2 H), 1.24 (t, J = 7.0 Hz, 3 H). 

15 

3fS)-fl-Methvl-lH-Pvrazol-4-vl).3.f2.nyn.3-r3.f.'^.fi.7.fi-tetrahvHrn- 
ri.81naphthvridin-2-vl)nropvn-imidazolidin.l-vl)propionic acid (27-4) 

The title compound 214 was prepared from 2-9A 9x^.21^ 
using the procedure described in Scheme 2. 
20 TLC Rf = 0.24 (15:10:1:1 ethyl acetate/EtOH/water/NH40H). 

iH NMR (300 MHz, CD3OD) 5 7.58 (s, IH), 7.52 (d, J=7.3 Hz, IH), 7.38 (s, 

IH), 6.62 (d, J=7.3 Hz, IH), 5.38 (m, 1H),3.83 (s, 3H), 3.14-3.53 (9H), 2.97 
(m, 2H), 2.80 (t, J=6.1 Hz, 2H), 2.67 (t, J=:7.3 Hz, 2H), 1.93 (m,4H). 



30 



35 
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iSCHEMEA 

[ESIS OF RADTQLrGAND FOR SPA ASSAY 



O " NH2 



.CO2H 



NaOH, dioxane 
H2O 




1. Brg.NaOH. 
H2O 

2. HCI 



- 168- 



wo 99/31099 



PCTA;S98/26568 



SCHEME A fCONTINllFm 




A5a 

6N HCI 
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SCHEME A. cont'd 
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(CH3Sn)2. Pd(PPh3)4. 




N-(4-Iodo-Dhenvlsti1fnnYlaTnino)-L-a8par agine fA-2) 

To a stirred solution of acid Ail (4.39 g, 33.2 mmol), NaOH 
(1.49 g, 37.2 mmol), dioxane (30 ml) and H2O (30 ml) at O'C was added 

5 pipsyl chloride (10.34 g, 34.2 mmol). After ~5 minutes, NaOH (1.49, 37.2 
mmol), dissolved in 15 ml H2O, was added followed by the removal of the 

cooUng bath. After 2.0 h, the reaction mixture was concentrated. The 
residue was dissolved in H2O (300 ml) and then washed with EtOAc. 

The aqueous portion was cooled to 0°C and then acidified with 
10 concentrated HCl. The solid was collected and then washed with Et20 to 

provide acid A-2 as a white solid. 

iH NMR (300 MHz, D2O) 5 7.86 (d, 2H, J=8Hz ), 7.48 (d, 2H, JsSHz) 3.70 
(m, IH), 2.39 (m, 2H). 

15 2f SW4-Iodo-phenvlsulfonvlnTnino)-R-alanine f A-a) 

To a stirred solution of NaOH (7.14 g, 181.8 mmol) and H2O 
(40 ml) at O^C was added Br2 (1.30 ml^ 24.9 mmol) dropwise over a ten 

minute period. After ~5 minutes, acid A-2 (9.9 g, 24.9 mmol), KaOH 
(2.00 g, 49.8 nmxol) and H2O (35 ml) were combined, cooled to O^C and 

20 then added in a single portion to the reaction. After stirring for 
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20 minutes at O^C, the reaction was heated to dO'C for 30 minutes and 
then recooled to CC. The pH was a(^usted to ~7 hy dropwise addition of 
concentrated HCl. The solid was collected, washed with EtOAc, and 
then dried in vacuo to provide acid A-3 as a white solid. 
5 IH NMR (300 MHz, D2O) 8 8.02 (d, 2H, J=8H2), 7.63 (d, 2H, J=8Hz), 4.36 

(m, IH), 3.51 (dd, IH, J=5Hz, 13Hz) 3.21 (m, IH). 

Rthvl 2fS)-f4-iodo-phenvlsuTfnTiv1aTninnVp.a1antnff-h vdrochlorid6 

HCl gas was rapidly bubbled through a suspension of acid 
10 A:^ (4.0 g, 10.81 mmol) in EtOH (50 ml) at 0<*C for 10 minutes. The 

cooling bath was removed and the reaction was heated to 60*'C. After 18 
h, the reaction was concentrated to provide ester A-4 as a white solid. 
iH NMR (300 MHz, CD3OD) 5 7.98 (d, 2H, J=8Hz), 7.63 (d, 2H, J=8Hz), 

4.25 (q. IH, J=5Hz), 3.92 (m, 2H), 3.33 (m, IH), 3.06 (m, IH), 1.01 (t, 3H, 
15 J=7Hz). 



Ethvl 4-r2-(2-Aminopvridin-6-vl)ethvnhenz oate (A-5a) 

A mixture of ester A:::^ (700 mg, 2.63 mmol), (for 
preparation, see: Scheme 29 of PCT International Application 
20 Publication No. WO 95/32710, published December 7, 1995) 10% Pd/C (350 
mg) and EtOH were stirred under 1 atm H2. After 20 h, the reaction was 

filtered through a celite pad and then concentrated to provide ester A-5a 
as a brown oil. 

TLC Rf = 0.23 (silica, 40% EtOAc/hexanes) 
25 iH NMR (300 MHz, CDCI3) 5 7.95 (d, 2H, J=8Hz), 7.26 (m, 3H), 6.43 (d, 
m, J=:7Hz), 6.35 (d, IH, J=8Hz), 4.37 (m, 4H), 3.05 (m, 2H), 2.91 (m, 2H), 
1.39 (t, 3H, J=7Hz). 

4-r2-(2-Aminopvridin-6-vl)ethvllbenzQic arid hvdrochloride rA-6) 
30 A suspension of ester A-5a (625 mg, 2.31 mmol) in 6N HCl 

(12 ml) was heated to 60°C. After ~20 h, the reaction was concentrated to 
give add A-6 as a tan solid. 

iH NMR (300 MHz, CD3OD) 6 7.96 (d, 2H, J=8Hz), 7.80 (m, IH), 7.33 (d, 
2H, J=8Hz), 6.84 (d, IH, J=9Hz), 6.69 (d, IH, J=7Hz), 3.09 (m, 4H). 



35 
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Ethvl4-r2-f2-Aimnopvridin.6-vnethYnbenzovl.2fSVf4.iodo- 
n]hft!^YlP"1^""^^""^'nQ^-p-a^«nine (A-7) 

A solution of add 15S (400 mg, 1.43 mmol), amine A-4 
(686 mg, 1.57 mmol), EDa(358 mg, 1.86 mmol), HOBT (252 mg, 1.86 
5 mmol), NMM (632 \iL, 5.72 mmol) in DMF (10 ml) was stirred for -20 h. 
The reaction was diluted with EtOAc and then washed with sat. 
NaHCOs, brine, dried (MgS04) and concentrated. Flash 

chromatography (silica, EtOAc then 5% isopropanoI/EtOAc) provided 
amide A^Z as a white solid. 
10 TLC Rf = 0.4 (silica, 10% isopropanol/EtOAc) 

iH NMR (300 MHz, CD3OD) 5 7.79 (d, 2H, J=9Hz) 7.61 (d, 2H, J=8Hz), 7.52 
(d, 2H, J=9Hz), 7.29 (m, IH), 7.27 (d, 2H, J=8Hz), 4.20 (m, IH), 3.95 (q, 2H, 
J=7Hz), 3.66 (dd; IH, J=6Hz, 14Hz), 3.49 (dd, IH, J=8Hz, 13Hz), 3.01 (m, 
2H), 2.86 (m, 2H), 1.08 (t, 3H, J=7Hz). 

15 

4-r2-f2-Aminopvridin.6-vl)ethvllbenzovl.2fS)-f4-iodophenvl- 

A solution of ester AlL (200 mg, 0.3213 mmol) and 6N HCl 
(30 ml) was heated to 60^C. After ~20 h, the reaction mixture was 
20 concentinted. Flash chromatography (silica, 20:20:1:1 EtOAc/EtOH/ 
NH4OH/H2O) provided acid ^ as a white solid. 

TLC Rf = 0.45 (siKca, 20:20:1:1 EtOAc/EtOHyNH40H/H20) 
iH NMR (400 MHz, DMSO-de) 5 8.40 (m, IH), 8.14 (Bs, IH), 7.81 (d, 2H, 
J=8Hz), 7.62 (d, 2H, J=8Hz), 7.48 (d, 2H, J=8Hz), 7.27 (m, 3H), 6.34 (d, IH, 
25 J=7Hz), 6.25 (d, IH, J=8Hz), 5.85 (bs, 2H), 3.89 (bs, IH), 3.35 (m, 2H), 2.97 
(m, 2H), 2.79 (m, 2H). 

4.fp..(9.ATn4nnpvri<^in-6-vDethvnbenzovl.2fS).(4-trim6thvlstannvl- 

30 A solution of iodide (70 mg, 0.1178 mmol), [(CH3)3Sn]2 

(49 ^1, 0.2356 mmol), Pd(PFh3)4 (5 mg) and dioxane (7 ml) was heated to 

90°C. After 2 h, the reaction was concentrated and then purified by 
preparative HPLC (Ddta-Pak C18 15 jiM lOOA", 40 x 100 mm; 95:5 then 

5:95 H2O/CH3CK) to provide the trifluoroacetate salt. The salt was 
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suspended in H2O (10 ml), treated with NH4OH (5 drops) and then 

lyophilized to provide amide A-9 as a white solid. 

iH NMR (400 MHz, DMSO-de) 5 8,40 (m, IH), 8.18 (d, IH, J=8Hz), 7.67 

- (m, 5H), 7.56 (d, 2H, J=8Hz), 7,29 (d, 2H, J=8Hz), 6.95-7,52 (m, 2H), 6.45 
5 (bs, 2H), 4.00 (m, IH), 3.50 (m, IH), 3.33 (m, IH), 2.97 (m, 2H), 2.86 (m, 
2H). 

A-f9-(9-AmmQPvridin-6-vI)ethvlThenz ovl-2fS)-4-125i^ 
rh??Y^ffP^^ffnY^^ni^Q-p-alanine (A-10) 

10 An iodobead (Pierce) was added to a shipping vial of 5 mCi 

of Nal25i (Amersham, IMS30) and stirred for five minutes at room 
tem^perature. A solution of 0.1 mg of in 0.05 mL of 10% H2S04/MeOH 

was made and immediately added to the Na^^^I/iodobead vial. After 
stirring for three minutes at room temperature, approximately 0,04-0.05 
15 mL of NH4OH was added so the reaction mdxttire was at pH 6-7. The 

entire reaction mixture was injected onto the HPLC for purification 
[Vydac peptide-protein C-18 colimm, 4.6 x 250 mm, linear gradient of 
10% acetonitrile (0.1% (TFA):H20 (0.1% TFA) to 90% acetonitrile (0.1% 
TFA):H20 (0.1% TFA) over 30 minutes, 1 mL/min]. The retention time 
20 of A- 10 is 17 minutes under these conditions. Fractions containing the 
majority of the radioactivity were pooled, lyophilized and diluted with 
ethanol to give approximately 1 mCi of A-10. which coeluted on HPLC 
anal3rsis with an authentic sample of A-8. 

25 Instrumentation : Analjrtical and preparative HPLC was 

carried out tising a Waters 600E Powerline MtJti Solvent Delivery 
System with 0.1 mL heads with a Rheodyne 7125 iojector and a Waters 
990 Fhotodiode Array Detector with a Gilson FC203 Microfraction 
collector. For analytical and preparative HPLC, a Vydac peptide-protein 

30 C-18 column, 4.6 x 250 mm was used with a C-18 Brownlee modular 

guard column. The acetonitrile used for the HPLC analyses was Fisher 
Optima grade. The HPLC radiodetector used was a Beckman 170 
Radioisotope detector. A Vydac C-18 protein and peptide colimm, 3.9 x 
250 nmi was used for analytical and preparative HPLC. Solutions of 
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radioactivity were concentrated using a Speedvac vacuum centrifuge. 
Calibration curves and chemical concentrations were determined using 
a Hewlett Packard Model 8452A UVA^is Diode Array Spectrophotometer. 
Sample radioactivities were determined in a Packard A5530 gamma 
5 counter. 

The test procedures employed to measure avp3 and avp5 
binding and the bone resorption inhibiting activity of the compoxmds of 
the present invention are described below. 

10 BONE RESORPTION-PIT ASSAY 

When osteoclasts engage in bone resorption, they can cause 
the fomiation of pits in the surface of bone that they are acting upon. 
Therefore, when testing compounds for their ability to inhibit 
osteoclasts, it is useful to measure the ability of osteoclasts to excavate 

15 these resorption pits when the inhibiting compoxmd is present. 

Coxisecutive 200 micron thick cross sections firom a 6 Tnm 
cylinder of bovine femur diaphsrsis are cut vnth a low speed diamond 
saw (Isomet, Beuler, Ltd., Lake Bluff, 11). Bone slices are pooled, placed 
in a 10% ethanol solution and refrigerated imtil further use. 

20 Prior to experimentation, bovine bone slices are 

ultrasonicated twice, 20 minutes each in H2O. Cleaned slices are placed 

in 96 well plates such that two control lanes and one lane for each drug 
dosage are available. Each lane represents either tripUcate or 
quadruplicate cultures. The bone slices in 96 well plates are sterilized by 

25 UV irradiation. Prior to incubation with osteoclasts, the bone sUces are 
hydrated by the addition of 0.1 ml ocMEM, pH 6.9 containing 5% fetal 
bovine serum and 1% penidllin/streptomycin. 

Long bones from 7-14 day old rabbits (New Zealand White 
Hare) are dissected, cleaned of soft tissue and placed in ocMEM 

30 containing 20 mM HEPES. The bones are minced using scissors until 
the pieces are <1 mm and transferred to a 50 ml tube in a volxmxe of 25 
ml. The tube is rocked gently by hand for 60 cycles, the tissue is 
sedimented for 1 min., and the supernatant is removed. Another 25 ml 
of medium is added to the tissue and rocked again. The second 

35 supernatant is combined with the first. The number of cells is counted 
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excluding erythrocytes (typically - 2 x 107 cells/ml). A cell suspension 
consisting of 5 x 106/xnl in oMEM containing 5% fetal bovine serum, 
10 nM l,25(OH)2D3, and pendllin-streptomycin is prepared. 200 ml 
aliquots are added to bovine bone slices (200 mTn x 6 mm) and incubated 
5 for 2 hrs. at 37"C in a humidified 5% COg atmosphere. The meditim is 
removed gently with a micropipettor and fi-esh medium containing test 
compotxnds is added. The cultures are incubated for 48 hrs., and 
assayed for c-telopeptide (fragments of the al chain of type I collagen) by 
Crosslaps for culture media (Herlev, Denmark). 
10 Bovine bone slices are exposed to osteoclasts for 20-24 hrs 

and are processed for staining. Tissue culture media is removed from 
each bone slice. Each well is washed with 200 ml of H2O, and the bone 

slices are then fixed for 20 minutes in 2.5% glutaraldehyde, 0.1 M 
cacodylate, pH 7.4. After fixation, any remaining cellular debris is 
15 removed by 2 mitt ultrasonication in the presence of 0,25 M NH4OH 
foUowed by 2 X 15 min ultrasonication in H2O. The bone slices are 

immediately stained for 6-8 min with filtered 1% toluidine blue and 1% 
borax. 

After the bone slices have dried, resorption pits are counted 
20 in test and control slices. Resorption pits are viewed in a Mcrophot Fx 
(Nikon) fluorescence microscope using a polarizing Nikon IGS filter 
cube. Test dosage results are compared with controls and resulting 
IC50 values are determined for each compound tested. 

The appropriateness of extrapolating data from this assay to 
25 mammalian (including human) disease states is supported by the 
teaching found in Sato, M., stal.. Journal of Bone and Mineral 
Research. Vol. 5, No. 1, pp.31-40, 1990, which is incorporated by 
reference herein in its entirety. This article teaches that certain 
bisphosphonates have been used clinically and appear to be effective in 
the treatment of Paget's disease, hj^percalcemia of malignancy, 
osteolytic lesions produced by bone metastases, and bone loss due to 
immobilization or sex hormone deficiency. These same bisphosphonates 
are then tested in the resorption pit assay described above to confirm a 
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correlation between their known utility and positive performance in the 
assay. 

EIB ASSAY 

5 Duong et al., J. Bone Miner. Res., 8: S378 (1993) describes a 

system for expressing the human integrin av^S. It has been suggested 
that the integrin stimtdates attachment of osteoclasts to bone matrix, 
since antibodies against the integrin, or R6D-containing molecules, 
such as echistatin (European Publication 382 451), can effectively block 
10 bone resorption* 

Reaction Mixture: 

1. 175 \d TBS buffer (50 mM Tris •HCl pH 7.2, 150 mM NaQ, 
1% BSA, 1 mM CaCl2, 1 mM MgCl2). 
15 2. 25 ^1 cell extract (dilute with 100 mM octylglucoside buffer to 

give 2()00 cpm/25 

3. 125i.echistatin (25 ^1/50,000 cpm) (see EP 382 451). 

4. 25 \}1 bufifer (total binding) or unlabeled echistatin (non- 
specific binding). 

20 

The reaction mixture was then incubated for 1 h at room 
temp. The vmbound and the bound avp3 were separated by filtration 
using a Skatron Cell Harvester. The filters (prewet in 1.5% poly- 
ethyleneimine for 10 mins) were then washed with the wash buffer (50 
25 mM Tris HCl, ImM CaCl2/MgCl2, pH 7,2). The filter was then coimted 

in a gamma counter. 
SPA ASSAY 
30 MATERIALS: 

1, Wheat germ agglutinin Scintillation Proximity Beads (SPA): 
Amersham 

2. Octylglucopyranoside: Calbiochem 
35 3. HEPES: Calbiochem 
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4. NaCl: Fisher 

5. CaCl2: Fisher 

6. MgCl2: SIGMA 

7. " Phenyhnethylsulfonylfluoride (PMSF): SIGMA 
5 8. Optiplate: PACKARD 

9. Compoxmd A-10 (specific activity 500-1000 Ci/mmole) 

10. test compound 

11. Purified integrin receptor avPs was purified &om 293 cells 
overexpressing avp3 (Duong et al, J. Bone Min. Res., 5:8378, 

10 1993) according to Pytela (Methods in Emymology, 144:475, 

1987) 

12. Bindmg buffer 50 mM HEPES, pH 7.8, 100 mM NaCl, 1 mM 
Ca2+/Mg2+, 0.5 mM PMSF 

13. 50 mM octylglucoside in binding buffer 50-OG buffer 

15 



PROCEDURE: 



1. Pretreatment of SPA beads! 
20 500 mg of lyophilized SPA beads were first washed four times 

with 200 ml of 50-OG buffer and once with 100 ml of binding 
buffer, and then resuspended in 12.5 ml of binding buffer. 



2. Preparation of SPA beads and recep tor mixture 
25 In each assay tube, 2.5 \il (40 mg/ml) of pretreated beads were 

suspended in 97.5 fil of binding bxiffer and 20 \j1 of 50-OG 
buffer. 5 \j1 (~30 ng^nl) of purified receptor was added to the 
beads in suspension with stirring at room temperature for 30 
minutes. The mixtiure was then centrifiiged at 2,500 rpm in a 
30 . Beckman GPR Benchtop centrifiige for 10 minutes at 4'^G. The 

pellets were then resuspended in 50 pi of binding buffer and 25 
\j1 of 50-OG buffer. 
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3. Reaction 

The following were sequentially added into Optiplate in 
corresponding wells: 
(i) Receptor/beads mixtiire (75 ml) 
5 (ii) 25 \}1 of each of the following: compound to be tested, 

binding 

buffer for total binding or A-8 for non-specific 

binding (final concentration 1 ^M) 
(iii) A-IQ in binding buffer (25 jil, final concentration 40 pM) 
10 (iv) Binding buffer (125 nl) 

(v) Each plate was sealed with plate sealer from PACKARD 

and 

incubated overnight with rocking at 4*^0 

15 4. Plates were counted using PACKARD TOPCOUNT 

5. % inhibition was calculated as follows: 
A = total counts 
B =: nonspecific counts 
20 C = sample coimts 

% inhibition = [{(A-BHC-B)}/(A-B)]/(A-B) x 100 

OCFORM ASSAY 

Osteoblast-like cells (1.8 cells), originally derived from 
25 mouse calvaria, were plated in GORNIN(^ 24 well tissue culture plates 
in oMEM mediimi containing ribo- and deos^nribonudeosideSy 10% fetal 

bovine serum and penicillin-streptomycin. Cells were seeded at 
40,000/well in the morning. In the afternoon, bone marrow cells were 
prepared frx)m six week old male Balb/C mice as follows: 

30 Mice were sacrificed, tibiae removed and placed in the above 

* 

medium. The ends were cut ofT and the marrow was flushed out of the 
cavity into a tube with a 1 mL syringe with a 27.5 gauge needle. The 
marrow was suspended by pipetting up and down. The suspension was 
passed through >100 ^m nylon cell strainer. The resulting suspension 
35 was centrifiiged at 350 x g for seven minutes. The pellet was 
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resuspended, and a sample was diluted in 2% acetic acid to lyse the red 
cells. The remaining cells were counted in a hemacytometer. The cells 
were pelleted and resuspended at 1 x 106 cells/mL. 50 |aL was added to 
each well of 1.8 cells to yield 50,000 cells/well and 1,25-dihydroxy-vitamin 
5 D3 (D3) was added to each well to a fiuial concentration of 10 nM. The 
cultures were incubated at 37^C in a humidified, 5% C02 atmosphere. 

After 48 h, the medium was changed. 72 h after the addition of bone 
marrow, test compounds were added with firesh medium containing D3 

to quadruplicate wells. Compounds were added again after 48 h with 
10 fresh medium containing D3. After an additional 48 h., the medixmi 

was removed, cells were fixed with 10% formaldehyde in phosphate- 
buffered saline for 10 minutes at room temperature, followed by a 1-2 
minute treatment with ethanol:acetone (1:1) and air dried. The cells 
were then stained for tartrate resistant acid phosphatase as follows: 

15 The cells were stained for 10-15 minutes at room 

temperature with 50 mM acetate btzfifer, pH 5.0 containing 30 mM 
sodixxm tartrate, 0.3 mg/mL Fast Red Violet LB Salt and 0.1 mg/mL 
Naphthol AS -MX phosphate. After staining, the plates were washed 
extensively with deionized water and air dried. The number of 

20 multinucleated, positive staining cells was counted in each well. 

avps ATTACHMENT ASSAY 

Duong et al., J, Bone Miner, Res,, 11: S290 (1996), describes 
25 a system for e^ressing the hiiman ocvP5 integrin receptor. 

Materials: 

1. Media and solutions used in this assay are purchased from 
BRL/Gibco, except BSA and the chemicals are from Sigma. 
30 2. Attachment medium: HBSS with 1 mg/ml heat-inactivated 

fatty add free BSA and 2 mM CaCl2. 

3. Glucosaminidase substrate solution: 3.75 mM p-nitrophenyl 
K-acetyl-beta-D-glucosaminide, 0.1 M sodium citrate, 0.25% 
Triton, pH 5.0. 
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4. Glydne-EDTA developing solution: 50 mM glycine, 5 mM 
EDTA, pH 10.5. 

Methods: 

5 1, Plates (96 well, Nunc Maxi Sorp) were coated overnight at 

4°C with human vitronectin (3 ug/ml) in 50 mM carbonate 
biiflfer (pH 9/.6), using 100 jil/well. Plates were then washed 
2X with DPBS and blocked with 2% BSA in DPBS for 2h at 
room temperature. After additional washes (2X) with 
10 DPBS, plates were used for cell attachment assay. 

2. 293 (avp5) cells were grown in MEM media in presence of 
10% fetal calf serum to 90% confluence. Cells were then 
lifted from dishes with IX Trypsin/EDTA and washed 3X 
with serum free MEM. Cells were resuspended in 

15 attachment medium (3 X 10^ cells/ml). 

3. Test compotmds were prepared as a series of dilutions at 2X 
concentrations and added as 50 p,l/well. Cell suspension 
was then added as 50 ^il/well. Plates were incubated at 37°C 
with 55 CO2 for 1 hour to allow attachment. 

20 4. Non-adherent cells were removed by gently washing the 

plates (3X) with DPBS and then incubated with 
gjucosaminidase substrate solution (100 |il/well), overnight 
at room temperature in the dark. To quantitate cell 
nimibers, standard curve of glucosaminidase activity was 

25 determined for each experiment by adding samples of cell 

suspension directiy to wells containing the exxzyme 
substrate solution. 

5. The next day, the reaction was developed by addition of 185 
jil/weU of glydne/EDTA solution and reading absorbance at 

30 405 nm using a Molecular Devices V-Max plate reader. 

Average test absorbance values (4 wells per test samples) 
were calculated Then, the number of attached cells at each 
drug concentration was quantitated versus the standard 
curve of cells using the Softmax program. 



35 
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EimtPl^P Of A PHARMACSUTICAI. FOR M U LA TION 

As a specific embodiment of an oral composition, 100 mg of 
a compound of the present invention are formxalated with sufficient 
5 finely divided lactose to provide a total amount of 580 to 590 mg to fill a 
size 0 hard gel capsule. 

Representative compoimds of the present invention were 
tested and fouind to bind to hxmian avp3 integrin. These compounds are 
generally found to have IC50 values less than about 100 nM in the SPA 
10 assay. 

Representative compoxmds of the present invention were 
tested and generally found to inhibit a 50% the attachment of (xvp5 
expressuxg cells to plates coated with vitronectin at concentrations of 
about 1 |iM. 

15 While the invention has been described and illustrated in 

reference to certain preferred embodiments thereof, those skilled in the 
art will appreciate that varioxis changes, modifications and substitutions 
can be made therein without departing from the spirit and scope of the 
invention. For example, effective dosages other than the preferred doses 

20 as set forth hereinabove may be applicable as a consequence of variations 
in the responsiveness of the mammal being treated for severity of bone 
disorders caused by resorption, or for other indications for the 
compounds of the invention indicated above. Likewise, the specific 
pharmacological responses observed may vary according to and 

25 depending upon the particular active compound selected or whether 
there are present pharmaceutical carriers, as well as the type of 
formulation and mode of administration employed, and such expected 
variations or differences in the results are contemplated in accordance 
with the objects and practices of the present invention. It is intended, 

30 therefore, that the invention be limited only by the scope of the claims 
which follow and that such claims be interpreted as broadly as is 
reasonable. 
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WHAT IS CLAIMED IS: 

1. A compound having a structtiral formula selected 
from the group consisting of 
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wherein the dotted line a represents a single or a double bond, provided 
that when a represents a double bond, the double bond carbon atoms are 
substituted only with R^^ and R^^; 

10 

X is selected from the group consisting of 

-{!!.NR^R2 — NR^C-NR^R2 

a 5- or 6-m.embered monocyclic aromatic or nonaromatic ring 
system having 0, 1, 2, 3 or 4 heteroatoms selected from the group 
15 consisting of N, 0, and S wherein the ring nitrogen atoms are 

unsubstituted or substituted with one Rl substituent and the ring 
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carbon atoms are uiusiibstituted or substituted with one or two 
substituents, and 

a 9- to 14-i£nembered polycyclic ring system, wherein one or more 
5 of the rings is aromatic, and wherein the polycyclic ring system 

has 0, 1, 2, 3 or 4 heteroatoms selected from the group consisting of 
N, O, and S wherein the ring nitrogen atoms are unsubstituted or 
substituted with one B.^ substituent and the ring carbon atoms are 
imsubstituted or substituted with one or two substituents; 

10 

Y is selected fi:^m the group consisting of 
-(CH2)m-, 

-(CH2)m-0-(CH2)n-. 

-(CH2)m-NR4-(CH2)n-, 
15 -(CH2)m-S-(CH2)n-, 

-(CH2)m-SO-(CH2)n-, 

-(CH2)m-S02-(CH2)n-, 

-(CH2)m-0-(CH2)n-0-(CH2)p-, 

-(CH2)m-0-(CH2)n-NR4-(CH2)p -, 
20 -(CH2)m-NR4-(CH2)n-NR4-(CH2)p 

-(CH2)m-0-(CH2)n-S-(CH2)p 

-(CH2)m-S^CH2)n-S-(CH2)p 

-(CH2)m-NR4-(CH2)n-S-(CH2)p 

-(CH2)m-NR4 -(CH2)n-0-(CH2)p 
25 -(CH2)m-S-(CH2)n-0-(CH2)p -, 

-(CH2)m-S-(CH2)n-NR4.(CH2)p -, and 

-(CH2)m-Z-(CH2)n-, 



wherein Z is a 3- to 10-membered monoQrdic or polycycUc aromatic or 
30 . nonaromatic ring system having 0, 1, 2, 3, or 4 heteroatoms selected 
from the group consisting of N, 0, and S wherein the ring nitrogen 
atoms are unsubstituted or substituted with one substituent and the 
ring carbon atoms are imsubstituted or substituted with one or two Rl 
substituents, and 
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wherein any methylene (CH2) carbon atom in Y, other than in B/^, can 
be substituted by one or two R3 substituents; and 

wherein R^and R2 are each independenltly selected from the group 
5 consisting of 

hydrogen, halogen, Cl-io alkyl, C3.8 cydoallqrl, 
C3.8 cydoheteroalkyl, C3-8 cycloalkyl Cl-6 alkyl, 
C3.8 cydoheteroalhyl Ci-S allqrl, aryl, aiyl Cl-8 alkyl, amino, 
amino Cl-S alkyl, Cl-3 acylamino, C1-.3 acylamino Ci-S alkyl, 
10 (Ci-e alkyl)pamino, (Ci-6 alkyl)pamino Cl-8 alkyl, 

Cl-4 alkoxy, Ci-4 alkoxy Ci-e alkyl, hydroxycarbonyl, 
hydroxycarbonyl Ci-S alkjrl, C1.3 alkoxycarbonyl, 
Ci-3 alkoxycarbonyl Ci-S alkyl, hydroxycarbonyl- 
Ci-6 aUrjrloxy, hydroxy, hydroxy Ci-e alkyl, Ci-6 alkyloxy- 
15 C1.6 alkyl, nitro, cyano, trifluoromethyl, trifluoromethosry, 

trifluoroethoxy, Cl-8 alkyl-S(0)p, (C1.8 alkyDpaminocarbonyl, 
Cl-8 alkjrloxycarbonylamino, (Cl-8 alkyl)paminocarbonyloxy, 
(aryl Cl-8 alkyDpamino, (aryl)pamino, aryl Cl-8 
alkylsulfonylamino, and Cl-8 alkylsulfonylamino; 
20 or two R1 substituents, when on the same carbon atom, are taken 

together with the carbon atom to which they are attached to 
form a carbonyl group; 

each R3 is independently selected from the group consisting of 
25 hydrogen, 
aryl, 

CMC alkyl, 
axyKCH2)r-0-(CH2)s-, 
aryKCH2)rS(0)p.(CH2)8-, 
30 . aryKCH2)rC(0)-(CH2)s-, 

aryKCH2)r-C(0)-N(R4KCH2)s-, 
aiyKCH2)r-N(R4)-C(0MCH2)s-, 
aiyKCH2)r-N(R4HCH2)s-, 
halogen. 
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hydroxyl, 

0X0, 

trifluoromethyl, 
Cl-S alkylcarbonylamino, 
5 aryl C1.5 alkoxy, 

C1.5 alkoxycarbonyl, 
(Cl-S alkyDpaminocarbonyl, 
Cl-6 allQrlcarboiiyloxy, 
C3-8 cydoalkyl, 
10 (Cl-6 alkyDpamino, 

amino Cl-6 alkyl, 

arylaminocarbonyl, 

aryl Cl-5-alkylaminocarbonyl, 

aminocarbonyl, 
15 aminocarbonyl Cl-e alkyl, 

hydroxycarbonyl, 
hydroxycarbonyl Cl-6 alkyl^ 

HC=C-(CH2)t-, 

Cl-6 alkyl.C=C.(CH2)t-, 

20 C3-7 cycloalkyl-CHC-(CH2)t-, 

aryl-CsC-(CH2)t-, 
C1.6 alkylaryl-CsC-(CH2)t-, 
CH2=CH-(CH2)t-, 
Cl-6 alkyI-CH=CH-(CH2)t-, 

25 C3-7 cycloalkyl.CH=CH.(CH2)t-, 

aryl.CH=CH-(CH2)tr, 
Cl-6 alkylaryl-CH=CH-(CH2)lr, 
Ci-e alkyl-S02-(CH2)t-, 
Cl-6 alkylaryl-S02-(CH2)t-, 

30 Cl-e alkoxy, 

aryl Cl-e alkoxy, 

aryl Cl-e aliyl, 

(Cl-6 alkyDpamino Ci-6 alfcjrl, 

(aryl)pamino, 

35 (aryl)pamino Cl-6 alkyl, 
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(aryl Ci-6 alkyl)painino, 

(aryl Ci-e alkyl)pamino Ci-6 alkyl, 

arylcarbonyloxy, 
aryl Ci-S alkylcarbonyloxy, 
5 (Cl-6 alk7l)paininocarbonyloxy, 

Ci-S alkylsulfonylamiuO} 

arylsulfonylamino, 

Ci-8 alkylsxilfonylamino Ci-6 alkyl, 

arylsulfonylamino Ci-6 allqrl, 
10 aryl Ci-6 alkylsulfonylamino, 

aryl Ci-6 alkylsulfonylamino Ci-6 alkyl, 

Ci-S alkoxycarbonylamino, 

Ci-8 alkoxycarbonylamino Ci-8 alkyl, 

aryloxycarbonylamino Ci-8 alkyl, 
15 aiyl Ci-8 alkoxycarbonylamino, 

aryl Ci-S alkoxycarbonylamino Ci.8 alkyl, 

Ci.8 alkylcarbonylamino, 

Ci-8 alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Cl-6 alkyl, 
20 aryl Cl-B alkylcarbonylamino, 

aryl Cl-S allQrlcarbonylamino Ci-6 alkyl, 

aminocarbonylamino Cl-6 alkyl, 

(Ci-8 alkyl)paminocarbonylamino, 

(Ci-8 alkyl)paminocarbonylamino Ci-6 alkyl, 
25 (aryl)paminocarbonylamino Ci.6 alkyl, 

(aryl Cl.8 alIr5rl)paminocarbonylamino, 

(aryl Ci-8 alkyl)paininocarbonylamino Ci-6 alkyl, 

aminosulfonylamino Ci.6 alk^l, 

(Ci-8 alkyl)pamino3xilfonylamino, 
30 (Ci.8 alkyl)paminosxilfonylamino Ci.6 alkyl, 

(aryl)paminosulfonyIamino Ci-6 alkyl, 

(aryl Ci-8 alkyl)paminosulfonylamino, 

(aryl Ci-8 aligrl)paminosulfonylamino Ci-6 alkyl, 

Cl-6 alkylsulfonyl, 
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Ci-6 aUqrlsulfonyl Ci-S alkyl, 
arylsulfonyl Ci-e alkyl, 
aryl Ci-g alkylsulfonyl, 
aryl Ci-6 alhylsulfonyl Ci-S alkyl, 
5 Ci-S alkylcarbonyl, 

Ci-6 alkylcarbonyl Ci.6 alkyl, 
aiylcarfoonyl Ci-e al^l, 
aryl Ci-6 alkylcarbonyl, 
aryl Ci-6 alhylcarbonyl Ci-6 alkyl, 
10 Ci.6 alkylthiocarbonylamino, 

Ci-6 alkylthiocarbonylamino Ci-6 alkyl, 
arylthiocarbonylamino Cl-6 alkyl, 
aryl Ci-6 -alkylthiocarbonylamino, 
aryl Cl-6 alkylthiocarbonylamino Ci-G alkyl, 
15 (Ci-8 alkyDpaminocarbonyl Ci-6 alkyl, 

(aryl)paminocarbonyl Cl-g alkyl, 
(aryl Ci-8 alIqrl)paminocarbonyl, and 
(aryl Ci-8 alkyDpaminocarbonyl Ci-6 alkyl; 
or two R3 substituents, when on the same carbon atom, are taken 
20 together with the carbon atom to which they are attached to 

form a carbonyl group or a cyclopropyl group, 
wherein any of the alkyl groups of R3 are either tinsubstituted or 
substituted with one to three Rl substituents, provided that each R3 is 
selected such that in the resultant compoxmd the carbon atom or atoms 
25 to which R^ is attached is itself attached to no more than one 
heteroatom; 



each R^ is independently selected from the group consisting of 
hydrogen, 
30 aryl, 

aminocarbonyl, 
C3-8 cycloalkyl, 
amino C1.6 alkyl, 
(aryl)paniinocarbonyl. 
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(aryl Cl-5 alkyDpaminocarbonyl, 
hydroxycarfjonyl Ci-6 alkyl, 

" aryl Ci-6 alkyl, 
5 (Ci-6 alfcjrDpamino C2-6 alkyl 

(aryl Ci-G alkyDpamino 02-6 alkyl, 
Ci-8 alkylsxilfonyl, 
Ci-g alkoxycarbonyl, 

aryloxycarbonyl, 
10 aryl Cl-S alkoxycarbonyl, 

Ci-8 al^lcarbonyl, 

arylcarbonyl, 

aryl Ci-6 -allgrlcarbonyl, 

(Ci-8 alkyDpaminocarbonyl, 

15 amino sulfonyl, 

Ci-8 alkylaminostilfonyl, 

(aryl)paminosulfonyl, 

(aryl Ci-8 alkyDpaminosulfonyl, 

arylsulfonyl, 
20 arylCl-6 alkylsulfonyl, 

Ci-6 alkylthiocarbonyl, 

arylthiocarbonyl, and 
aryl Ci-6 alkylthiocarbonyl, 

wherein any of the alkyl groups of R4 are either unsubstituted or 
25 substituted with one to three substituents; 



R5 and R6 are each independently selected from the group consisting of 
hydrogen, 
Cmo alkyl, 

30 aryl, 

aryKCH2)r-0-(CH2)s-, 
aryHCH2)rS(0)p.(CH2)s-, 
aryl-(CH2)r-C(0)-(CH2)8-, 
aryl.(CH2)r-C(0)-N(R4)-(CH2)s-. 
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aryKCH2)r-N(R4)-C{OHCH2)s-, 

aryHCH2)r-N(R4).(CH2)s-, 

halogen^ 

hydrojTjrl, 
5 Cl-S alkylcarbonylamino, 

aryl Ci-5 alkoxy, 
Ci-5 alkojgrcarbonyl, 
(Cl-S alkyl)paminocarboayl, 
Cl-S alkylcarbonyloxy, 
10 C3.8 cycloalkyl, 

(Cl-6 alkyl)pamino, 
amino Ci-6 alkyl, 

arylaminocarbonyly 

aryl Cl-5 alkylaminocarbonyl, 

15 aminocarboayl, 

aminocarbonyl Cl-6 alkyl, 

hydroxycarbonyl, 
hydroxycarbonyl Ci-g alkyl, 

HCHC-(CH2)t-, 
20 C1.6 alkyl-CsC-(CH2)t-, 

C3-7 cycloalkyl-CsC-(CH2)t-, 

aryl-CHC-(CH2)t-, 

Cl-6 alkyIaryl-CsC-(CH2)t-, 

CH2=CH^CH2)t-, 
25 Cl-6 alkyl-CH=CH-(CH2)t-, 

C3.7 pycloalkyl-CH=CH.(CH2)t-, 

aryl.CH=CH-(CH2)<r, 

Cl-6 alkylaryl-CH=CH-(CH2)t-, 
Cl-6 alkyl-S02-(CH2)t-, 
30 . Cl-6 alkyiaryl-S02-(CH2)t-, 

Ci-e alkosy, 
aryl Cl-6 alkoxy, 
aryl Cl-6 alkyl, 
(Cl-6 alkyl)pamino Cl-6 alkyl, 
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(aryDpamino, 

(aryl)paiiiino Ci-e alkyl, 

(aiyl Ci-6 alkyl)painino, 

(aryl Gi-6 alkyDpamino Ci-6 alkyl, 

5 arylcarbonyloxy, 

aryl Ci-g alkylcarbonyloxy, 

(Ci-6 alkyDpaminocarbonyloxy, 

Ci-8 alkylsulfonylamino, 

arylsulf onylamiao , 

10 Ci-S alkylsxilfonylamino Ci-g alkyl, 

axylsulfonylamino Ci-e alkyl, 
aryl Ci-6 alkylsulfonylamino, 
aiyl Ci-6 'alkylsulfonylamino Ci-6 alkyl, 
Ci-8 alkoxycarbonylamino, 

15 Cl-S alkoxycarbonylamino Ci-g alkyl, 

aryloxycarbonylamino Ci-S alkyl, 
aryl Ci-S alkoxycarbonylamino, 
aryl Ci-8 alkoxycarbonylamino Ci-g alkyl, 
Ci-S alkylcarbonylamino, 

20 Ci-8 alkylcarbonylamino Ci-g alkyl, 

arylcarbonylamino Ci-S alkyl, 
aryl Ci-6 alkylcarbonylamino, 
aryl Cl-6 alkylcarbonylamino Ci-g alkyl, 
aminocarbonylamino Ci.6 alkjrl, 

25 (Ci-S alkyl)paminocarbonylamino, 

(Ci-8 alkyDpaminocarbonylamino Ci-fi alkyl, 

(aryl)paminocarbonylamino Ci-6 alkyl, 

(aryl Ci.8 alkyDpaminocarbonylamino, 

(aryl Ci-8 alkyDpaminocarbonylamino Ci-e alkyl, 

30 aminosulfonylamino Ci-e alkyl, 

(Ci-S aUqrDpaminosulfonylamino, 
(Ci-S all^Dpaminosulfonylamino Ci-G alkyl, 
(aryDpaminosulfonylamino Ci.6 alkyl, 
(aryl Ci-S alkyDpaminosulfonylamino, 
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(aryl Ci-8 alkyl)paimnosulfonylaiiiino Ci-g alkyl, 

Ci-6 allrjrlsiilfonyl, 

Ci-6 alkylsulfonjd Ci-6 alkyl, 

arylsulfonyl Ci-e alkyl, 
5 aryl Ci-6 altjrlsulfonyl, 

aryl Ci-6 alkylsulfonyl Ci-S aUrjrl, 

Ci-6 alkylcarbonyl, 

Ci-s alkylcarbonyl Ci-S alkyl, 

arylcarbonyl Ci-6 alkyl, 
10 aryl Ci-e alkylcarbonyl, 

aryl Ci.6 alkylcarbonyl Ci-6 allqrl, 

Ci-s alkylthiocarbonylamino, 

Ci-6 alkyithiocarbonylamino Ci-S all^l, 

arylthiocarbonylamino Ci-S alkyl, 
15 aryl Ci-6 alkylthiocarbonylamino, 

aryl Ci-6 alkylthiocarbonylamino Ci-6 alkyl, 

(Ci-8 alkyl)paminocarbonyl Ci-6 alkyl, 

(aryDpaminocarbonyl Ci.g alkyl, 

(aryl Ci-8 alkjrDpaminocarbonyl, and 
20 (aryl Ci-S alkyl)paminocarbonyl Ci-6 alkyl; 

or R5 and R6 are taken together with the carbon atom to which they are 
attached to form a carbonyl group, 

wherein any of the alkyl groups of r5 or r6 are either imjsubstituted or 
substituted with one to three Rl substituents, 
25 and provided that each R5 and R6 are selected such that in the resultant 
compound the carbon atom to which R5 and R^ are attached is itself 
attached to no more than one heteroatom; 

R7 and R8 are each independently selected firom the group consisting of 
30 hydrogen, 
Cmo alkyl, 

aryl, 

aryKCH2)r-0-(CH2)s-, 
aiyKCH2)rS(0)p-(CH2)s-, 
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aryl-(CH2)r-C(OHCH2)s-, 
aiyKCH2)r-C(0).N(R4HCH2)s-, 
aryKCH2)r-N(R4).C(OHCH2)s-, 
■ aryl.(CH2)r-N(R4MCH2)8-, 
5 halogen, 
hydroayl, 

Ci-8 alkylcarbonylamino, 
aryl C1-5 alkoxy, 
Ci-5 alkoxycarbonyl, 
10 (Ci-8 alkyl)paminocarbonyl, 

Ci-S alkylcarbonyloxy, 
C3-8 cycloalkyl, 
(Cl-e alkyDpamino, 
amino Ci.6 alkyl, 

15 arylaminocarbonyl, 

aryl C1.5 alkylaminocarbonyl, 

aminocarbonyl, 
aminocarbonyl Ci-g alkyl, 

hydroxycarbonyl, 
20 hydroxycarbonyl C1.6 alkyl, 

HfeC-(CH2)t-, 

Ci-6 alkyl-C=C^CH2)t-, 

C3.7 Qycloalkyl-C=C-(CH2)t-, 

aryl-C^(CH2)t-, 

25 Ci-6 alkylaryl-C=C-(CH2)tr, 

CH2=CH-(CH2)t-, 
Ci-6 alkyl-CH=CH.(CH2)t-, 
C3.7 cycloalkyl.CH=CH.(CH2)t-, 
aryl-CH=CH-(CH2)t-, 

30 C1.6 alkylaryl-CH=:CH.(CH2)t-, 

Ci-e alkyl-S02-(CH2)t-, 
C1.6 alkylaryl-S02-{Caa2)tr, 
Ci-6 alkoxy, 
aryl Ci-6 alkoxy, 
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arylCi-ealkyl, 

(Ci-6 alkyl)pamino Ci-6 alkyl, 
(su7l)pamino, 
(aryl)paimno Ci-6 alkyl, 
5 (aiyl Ci-e alkyDpamino, 

(aiyl Ci-6 alkyDpamino Ci-6 alkyl, 

arylcarboayloxy, 
aryl Ci-G alkylcarbonyloxy, 
(Cl-B alkyl)paminocarbonyloxy, 
10 Ci-S alkylsxilfonylainiiio, 

arylcarbonylaminp, 

arylsulfonylaxnino , 

Cl-S alkylsulfonylamino Cl-6 alkyl, 

arylstilfonylamino Cl-S alkyl, 
15 aryl Ci.6 alkylsulfonylamino, 

aryl Ci-S alkylsulfonylamino Ci-S alkyl, 

Ci-8 alko3grcarbonylamino, 

Ci-S alkoxycarbonylamino Ci-8 alkyl, 

aryloxycarbonylaimno Ci-8 alkyl, 
20 aryl Ci.8 alkoxycarbonylamino, 

aryl Ci.8 alkoxycarbonylamino Ci-8 alkyl, 

Ci-8 alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Ci-6 alkyl, 

aryl Ci-6 alkylcarbonylamino, 
25 aryl Ci-6 allQrlcarbonylanaino Ci-6 alkyl, 

aminocarbonylamino Ci.6 alkyl, 

arylaminocarbonylamino, 
(Ci-8 alkyl)paminocarbonylamino, 
(Ci-S all^Dpaminocarbonylamino Ci-6 alkyl, 
30 (aiyl)paminocarbonylamino Ci.6 alkyl, 

(aryl Ci-s alkyl)paminocarbonylamino, 
(aryl Ci-8 alkyDpaminocarbonylamino Ci-6 alkyl, 
aminosulfonylamino Ci.6 alkyl, 
(Ci-8 alkyDpaminosulfonylamino, 
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(Cl-S alkyl)pfimunosulfonylaimno Ci-S alkyl, 

(aryl)paininosiilfonylamino Ci-g alkyl, 

(aryl Ci-8 alk7l)paininostdfoiiylarQino, 

(aryl Ci-8 alkyl)paiainoaulfonylamino C 1-6 alkyl, 
5 Ci-e alkylsulfonyl, 

Ci-6 alkylsulfonyl Ci-e alkyl, 

arylsidfonyl Ci-6 alkyl, 

aryl Cl-6 alkylsiilfoiQrl, 

aryl Ci-g allqrlstilfonyl Ci-g alkyl, 
10 Cl-6 alkylcarbonyl, 

Ci.6 aUqrlcarbonyl Ci-6 alkyl, 

arylcarbonyl Cl-6 alkyl* 

aryl Ci-6 alkylcarbonyl, 

aryl Ci-6 alkylcarbonyl Cl-6 alkyl, 
15 Cl-6 alkylthiocarbonylamino, 

Ci-e alkylthiocarbonylamino Ci-6 alkyl, 

arylthiocarbonylantiino Ci-6 alkyl, 

aryl Ci.6 alkylthiocarbonylamino, 

aryl Ci-6 alkylthiocarbonjdamino Cl-6 alkyl, 
20 (Cl-8 alkyl)paminocarbonyl Ci-6 alkyl, 

(aryDpaminocarbonyl Ci-6 alkyl, 

(aryl Ci-8 alkyl)paminocarbonyl, 

(aryl Ci-8 alkyl)paminocarbonyl Ci-e alkyl, and 

C7-20 polycyclyl Co-8 alkylsulfonylamino; 
25 wherein any of the alkyl groups of R^and are either unsubstituted or 
substituted with one to three substituents, 

and provided that each R'^and R^ are selected such that in the resultant 
compound the carbon atom to which R*^ and R^ are attached is itself 
attached to no more than one heteroatom; 

30 

R9 is selected from the group consisting of 
hydrogen, 
Ci-8 alkyl, 

aryl. 
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aryl Cl-S alkyl, 

Ci-S aliylcarbonylo^ Ci-4 alkyl, 
aryl Cl-8 alkylcarbonylorjr Cl^ alkyl, 
Ci-S alkylaminocarbonylmethylene, and 
5 Ci-8 dialkylaminocarbonylmethylene; 

RlO, Rll, Rl2 and Rl3 are each independently selected from the group 
consisting of 

hydrogen, 
10 Ci-S alkyl, 

aryl, 
halogen, 
hydroxyl,' 
aminocarbonyl, 
15 C3-8 cycloalkyl, 

amino Ci-6 alkyl, 
(aryl)paimnocarbonyl, 

hydroxj^arbonyl, 
(aryl C1-5 alkyl)paminocarbonyl, 
20 hydroxycarbonyl Cl-6 alkyl, 

aryl Ci-S allsyl, 

(Ci-6 alkyl)paxnino Ci-6 alkyl, 
(aryl Ci.6 alkyl)pamino C2.6 alkyl, 
Ci-S alkylsulfonyl, 
25 Ci-8 alkoxycarbonyl, 

aryloxycarbonyl, 

aryl Ci-S alkoxycarbonyl, 

C1.8 alLylcarbonyl, 

arylcarbonyl, 
30 aryl Ci-6 alkylcarbonyl, 

(Ci-S alkyl)paminocarbonyl, 

aminosulfonyl, 

Ci-S alkylaminosulfonyl, 

(aryl)paminosulfonyl. 
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(aryl Ci-g alkyDpaminosulfonyl, 
Ci-6 alkylsulfonyl, 

arylsulfonyl, 
aryl Ci-6 alkylsulfonyl, 
5 aryl Ci-g alkylcarbonyl, 

Ci.6 alkylthiocarbonyl, 

arylthiocarbonyl, 

aryl 0%.$ alkylthiocarbonyl, 

aryl-(CH2)r-0-(CH2)s-, 

10 aryl-(CH2)rS(0)p.(CH2)8-. 

aryl-(CH2)rC(0)-(CH2)8-, 
aryl-(CH2)r-C(0)-N(R4)-(CH2)s-, 
aryl-(CH2)r-N(R4)-C(0)-(CH2)s-, 
aryl-(CH2)r-N(R4)-(CH2)s-. 

15 HC=C-(CH2)t-, 

Ci-e alkyl-CsC-(CH2)t-, 

C3.7 cycloalkyl-CsC-(CH2)t-, 

aryl.CsC-(CH2)t-, 

Ci-e alkylaryl-CsC-(CH2)t-, 

20 CH2=CH-(CH2)t-, 

C1.6 alkyl-CH=CH-(CH2)t- . 

C3-7 cycloalkyl-CH=CH-(CH2)t-, 

aryl-CH=CH-(CH2)t-, 

Ci^ alkylaiyl-CH=CH-(CH2)tr, 

25 Ci^ alkyl-S02-(CH2)f , 

Ci-6 alkylaryl-S02-(CH2)t-, 
Ci-S alkylcarbonylamino, 
aryl C1-5 alko^gr, 
C1.5 alkoxycaifoonyl, 

30 (Ci-S alkyl)paminocarbonyl, 

01-6 alkylcarbonylozy, 
(Ci-e alkyl)pamino, 
aminocarbonyl €1-6 alkyl, 
Cl-G alkoxy. 
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aryl Ci-6 alkoxy, 
(aryl)painino, 
(aryDpamino Ci-6 alkyl, 
(aryl Ci-6 alkyl)pamino, 
5 (aryl Ci-6 alkyl)paiiiino Ci-g alkyl, 

arylcarbonyloxy, 
aryl Ci-6 alkylcarbonyloxy, 
(Ci-6 alkyl)paininocarbonyloxy, 
Ci-S alkylsulfonylaminOy 

10 arylsxilfonylamino, 

Ci-8 alkylstilfonylamino Ci-g alkyl, 

aiylaulfonylamino Ci-6 allqrl, 

aryl Ci-S'alkylsxilfonylainino, 

aryl Ci-6 alkylsulfonylamino Ci-6 alkyl, 

15 Ci-8 alkoxycarbonylamino, 

Cl-S alkoxycarbonylamino Ci-8 alkyl, 

aryloxycarbonylamino Ci-8 alkjrl, 

aryl Ci.8 alkoxycarbonylamino, 

aryl Ci-8 alkoxycarbonylamino Ci-S alkyl, 

20 Ci-8 alkylcarbonylamino, 

Ci-8 alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Ci-g alkyl, 

aryl Cl-6 alkylcarbonylamino, 

aiyl Ci-S alkylcarbonylamino Ci-6 alkyl, 

25 aminocarbonylamino Ci-fi alkyl, 

(Ci-8 alkyDpaminocarbonylamino, 
(Ci-8 alkyDpaminocarbonylamino Ci-6 alkyl, 
(aryl)paminocarbonylamino Ci-6 alkyl, 
(aryl Ci-8 all^Dpaminocarbonylamino, 

30 (aryl Ci-S alkyDpaminocarbonylamino Ci.6 alkyl, 

aminosulfonylamino Ci-g alkyl, 
(Ci-8 alkyDpaminosulfonylamino, 
(Ci.8 alkyl)paminosulfonylamino Ci-G alkyl, 
(aryl)paminosulfonylamino Ci-g alkyl. 
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(aryl Ci-S alkyDpaminosulfonylamino, 

(aryl Ci-S alkyl)paminosulfonylamino Ci-g alkyl, 

Ci-6 alkylstdfoayl, 

Cl-e alkylsulfonyl Ci-e allqrl, 
5 arylstalfonyl Ci-6 alkyl, 

aryl Ci.6 alkylsulfonyl, 

aryl Ci-^ al^lsulfonyl Ci-6 alkyl, 

Ci-6 alkylcarbonyl, 

Ci-6 alkylcarbonyl Ci-6 alkyl, 
10 arylcarbonyl Ci-S alkyl, 

aryl Ci-S alkylcarbonyl, 

aiyl Ci-6 alkylcarbonyl alkyl, 

Ci-6 alkylthiocarbonylamino, 

Ci-6 alkylthiocarbonylamino Ci-6 alkyl, 
15 arylthiocarbonylamino Ci-g alkyl, 

aryl Ci-G alkylthiocarbonylamino, 

aryl Ci-6 alkylthiocarbonylamino Ci-6 alkyl, 

(Ci-s alkyDpaminocarbonyl Ci-g alkyl, 

(aryl)paminocarbonyl Ci-6 alkyl, 
20 (aryl Ci-S alkyDpaminocarbonyl, and 

(aryl Cl-S alkyDpaminocarbonyl Ci-6 alkyl; or 

rIO and R12 are taken together with the carbon atoms to which 

they are attached to form a 5- to 7-membered monocyclic aromatic 

or nonaromatic ring system having 0, 1, 2, 3, or 4 heteroatoms 
25 selected from the group consisting of N, O, and S wherein the ring 

nitrogen atoms are imsubstituted or substituted with one 

substituent and the ring carbon atoms are unsubstituted or 

substituted with one or two R^ substituents, 
and wherein any of the alkyl groups of R^®, RH, R12^ and R^^ are either 
30 unsubstituted or substituted with one to three R^ substituents; 

wherein 

each m is independently an integer from 0 to 6; 
each n is independently an integer from 0 to 6 
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each p is independently an integer from 0 to 2; 
each r is independently an integer from 1 to 3; 
each s is independently an integer from 0 to 3; 
each t is independently an integer from 0 to 3; and 
5 each v is independently an integer frx)m 0 to 2; 

and the pharmaceutically acceptable salts thereof. 

2, The compoxmd of Claim 1 having a structural 
10 formula selected from the group consisting of 





and 



wherein the dotted line a represents a single or a double bond, provided 
that when & represents a double bond, the douhle bond carbon atoms are 
substituted only with R^^ and R''^; 

20 

Xis 
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a 6-membered monocyclic aromatic ring system having 1 or 2 
nitrogen atoms wherein each ring carbon atom is unsubstitated 
or substituted with one substituent^ or 

5 a 9- to 14-membered polypyclic ring S3r5tem, wherein one or more 

of the rings is aromatic, and wherein the polycydic ring system 
has 0, It 2, 3 or 4 heteroatoms selected firom the group consisting of 
N, Ot and S wherein the ring nitrogen atoms are unsubstituted or 
substituted with one substituent and the ring carbon atoms are 
10 unsubstituted or substituted with one or two Rl substituents. 

3. The compound of Claim 2 having structural formula 




wherein the dotted line a represents a single or a double bond, provided 
that when & represents a double bond, the double bond carbon atoms are 
20 substituted only with R^^ and R^; and 
X is selected fi:^m the group consisting of 
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10 



4. The compound of Claim 3 having structural formula 
X-Y— N^^NH-(CHj 




5. The compound of Claim 4 wherein X is 

R1 



H 

6. The compound of Claim 5 wherein Y is selected from 
the group consisting of 



-(CH2)m-, 

-(CH2)m-0-(CH2)n-, 

-(CH2)m-NR4.(CH2)n-, 

-(CH2)m-S^CH2)n-. 
15 -(CH2)m-SO-(CH2)n-, 

-(CH2)m-S02-(CH2)n-, 

-(CH2)m-0-(CH2)n-0-(CH2)p-, 

-(CH2)m-0-(CH2)n-NR4-(CH2)p-, 

-(CH2)m-NR4.(CH2)n-NR4-(CH2)p-, and 
20 .(CH2)m-NR4.(CH2)n-0-(CH2)p-, 

. wherein any methylene (CH2) carbon atom in Y, other than in R'^, can 
be substituted by one or two substituents. 

25 
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7. The compoxxad of Claim 6 wherein Y is 
selected from the group consisting of 

(CH2)m, (CH2)in-S-(CH2)n, and (CH2)m-NR4.(CH2)n, 
5 wherein any methylene (CH2) carbon atom in Y, other than in R4, can 

be substituted by one or two B? substituents, 
m and n are integers from 0-4, 
and V is 0. 

10 8, The compoimd of Claim 7 wherein Y is 

(CH2)m or (CH2)m-NR4-(CH2)n, 
wherein any methylene (CH2) group in Y, other than in R4, can be 

substituted by one or two R3 substituents. 

15 

9. The compound of Claim 8 wherein each R3 is 
independently selected from the group consisting of 
hydrogen, 
fluoro, 

20 trifluoromethyl, 
aryl, 

Cl-8alkyl, 
arylCl-e alkyl 
hydroxyl, 
25 0x0, 

arylaminocarbonyl, 
aryl Cl-5 alkylaminocarbonyl, 
aminocarbonyl, and 
aminocarbonyl Ci-6 alkyl; 

30 

and each R4 is independently selected from the group consisting of 
hydrogen, 
aryl, 

C3-8 cycloalkyl, 
35 Ci-8 alkyl, 
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Ci-8 alkylcarbonyl, 

arylcarbonyl, 
Cl-6 alkylsxilfonyl, 

arylsulfonyl, 
5 arylCi-ealkylsulfonyl, 
arylC i-salhylcarbonyl, 
C l-galkylaminocarbonyl, 
arylCi-salkylaminocarbonyl, 
arylCl-Salkoxycarbonyl, and 
10 Ci-SalkoxycarbonyL 



10. The compound of Claim 9 wherein r6, b7, and R8 are 
each hydrogen £Cnd is selected from the group consisting of 
hydrogen, 
15 aryl, 

Cl-8 alkyl, 

aryl-CsC-(CH2)t-, 
aryl C 1-6 alkyl, 
CH2=CH^CH2)t-, and 
20 HCHC-(CH2)t-- 



25 



30 



11. The compound of Claim 10 wherein RlO, Rll, Rl2, 
and Rl3 are each independently selected from the group consisting of 
hydrogen, aryl, Ci.6alkyl> and arylCi-salkyl. 

12. The compound of Qaim 10 wherein R^ is selected 
from the group consisting of hydrogen, methyl, and ethyl. 

13. The compound of Claim 12 wherein R9 is hydrogen. 

14. The compound of Claim 9 wherein R5, r6, and R^ are 
each hydrogen and R*^ is selected from the group consisting of 

hydrogen, 
aryl, 
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Ci-8 alkylcarbonylamino, 

Ci-S allqrisiilfonylainino, 

arylcarbonylamino, 

arylsulfonylamino, 

Ci-8 alkylstdfonylamino Ci,6 alkyl, 

arylsulfonylamino Ci-g alkyl, 

aryl Ci-6 alkylsulfonylaEaino, 

aryl Ci-6 alkylsulfonylamino Ci.6 alkyl, 

Ci-8 alkoxycarbonylamino, 

Ci-S alkoxycarbonylamino Ci-8 alkyl, 

aryloxycarbonylamino Ci.8 alkyl, 

aryl Ci_8 alkoxycarbonylamino, 

aryl C 1-8 'alkoxycarbonylamino Ci-S alkyl, 

Ci-8 alkylcarbonylamino Ci-6 alkyl, 

arylcarbonylamino Cl-6 alkyl, 

aryl Cl-6 alkylcarbonylamino, 

aryl Ci-6 alkylcarbonylamino Ci-6 alkyl, 

aminocarbonylamino Ci.6 alkyl, 

(Ci-8 alkyl)paminocarbonylamino, 

(Ci-S alkyl)paminocarbonylamino Ci-6 alkyl, 

(aryl)paminocarbonylamino Ci-e alkyl, 

arylaminocarbonylamino, 

(aryl Ci-S al^Dpaminocarbonylamino, 

(aryl Ci-8 alkyl)paminocarbonylamino Ci-6 alkyl, 

aminosulfonylamino Ci-g alkyl, 

(Ci-8 alkyl)paminosulfonylamino, 

(01-8 alkyl)paminosulfonylamino Ci-e alkyl, 

(aryl)pamino8ulfonylamino Ci-6 alkyl, 

(aryl Ci-8 alkyl)paminos\ilfonylamino, 

(aryl Ci-S alkyl)paminosulfonylamino Cl-6 alkyl, 

Cl-6 alkylthiocarbonylamino, 

Ci.6 alkylthiocaxi)onylamino Ci.6 alkyl, 

arylthiocarbonylamino Ci-6 alkyl, 

aryl Ci-6 alkylthiocarbonylamino, and 



-206- 



wo 99/31099 



PCT/US98/26568 



aryl Cl-6 alkylthiocarbonylamino Ci-e alkyL 

15. The compound of Claim 14 wherein is selected 
from the group consisting of 

5 hydrogen, 
aryl, 

Ci-8 alkylcarbonylamino, 
aryl Ci-6 alkylcarbonylamino, 

arylcarbonylandno, 
10 Cl-S alkylsulfonylairdno, 

aryl Ci-6 alkylsulfonylamino, 

arylsulf onylamino , 

Ci-8 alkoxycarbonylamino, 

aryl Ci-8 alkoxycarbonylamino, 

15 arylaminocarbonylamino, 

(Ci-8 alkyl)paminocarbonylamino, 
(aryl Ci-8 alkyl)paminocarbonylamino, 

(Ci-S allQrl)paminosulfonylamino, and 

(aryl Ci.8 alkyDpaminosulfonylamino, 

20 

16. The compound of Claim 15 wherein RlO, Rll, Rl2, 
and Rl3 are each independently selected from the group consisting of 
hydrogen, aryl, Ci-6altyl, and arylCi-e alkyl. 

25 17. The compound of Claim 15 wherein R^ is selected 

from the group consisting of hydrogen, methyl, and ethyl. 

18. The compound of Claim 17 wherein R^ is 

hydrogen. 



30 



19. The compound of Claim 9 selected from the group 
consisting of 
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3(S)-(2,3-Dihydro-benzofuran-6-yl)-3-{2-oxo-3-[3-(5,6J,8-tetrahydro- 
[l,8]imphthyridin-2-yl)-propyl]-iim<iazolidin-l-yl}-propionic add, 

3(R)-(2,3-Dihydro-benzofuran-6-yl)-3-{2-oxo-3-[3-(5,6J,8-tetrahydro- 
5 [l,8]naphthyridm-2-yl)-propyl]-imidazoUdin-l-yl}-propionic add, 

3-<2,3-Dihydro-benzofuran-6-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphth}nidm-2-yl)-propyl]-imidazoIidm-l-yl)-propionic add, 

10 3(S)-(3-Fluorophenyl)-3-{2-oxo-3-[3-<5,6,7,8-tetrahydro-[l,8]naphthyridin- 
2-yl)-propyl]-imidazolidin- l-yD-propionic add, 

3(R)-(3-Fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridm- 

2- yl)-propyl]-iinid2i2olidiix-l-yl)-propiomc add, 

15 

3- (3-Fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yD-propyU-imidazolidin- l-yD-propionic add, 

3(S)-(Quinolin-3-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
20 yl)-propyl]-iniidazolidin-l-yl}-propiomc add, 

3(R)-(Quinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2- 
yl)-propyl]-imidazolidin-l-yl}-propionic add, 

25 3-(Quinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
propyl]-imidazolidin-l-yl}-propiomc add, 

3(S^(Ethynyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
propyl]-imida2solidin-l-yl}-propioDic add, 

30 

3(R)-(Ethynyl).3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
propyl]-iinidazolidin-l-yl}-propionic add, 



35 



3-(Ethynyl)-3-{2-oxo-5-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)- 
propyl]-imidazolidin-l-yl}-propionic add, 
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3(S>(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6J,8-tetrahy<iro-[l,8]naphthyridm-2- 
yl)-propyl]-imidazolidin- l-yl}-propionic add, 

5 3(R>(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6J,8-tetrahydro-[l,83naphthyridin-2- 
yl)-propyl]-iinidazolidiii- l-yl}-propiomc acid, 

3-(Pyridin-3-yl)-3-{2-ox()-3-[3-(5,6,7,8-tetraliydro-[l,8]naphthyridiii-2-yl)- 
propyll-imidazolidin-l-yD-propionic add, 

10 

3(S)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-Cl,8]naphthyTidiii-2- 
yl)-propyl]-4-methyl-imida2olidiii- l-yD-propionic add, 

3(R>(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridiii-2- 
15 yl)-propyl]-4-methyl-iiiiidazolidia-l-yl)-propionic add, 

3.(Pyridin-3-yl)-3-{2-ox()-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridm-2-yl)- 
propyl]-4-methyl-imidazolidin-l-yl}-propiomc add, 

20 3(S)-(6-Methoxypyridixi-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphthyridin-2-yl)-propyl]-imidazolidiii-l-yl}-propiomc add, 

3(R)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridm-2-yl)-propyl]-iinidazolidiii-l-yl}-propioiuc add, 

25 

3-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyTidin-2-yl)-propyl]-ixnidazolidm-l-yl}-prapiomc add, 

3(S)-(6-Ethoxypyridm-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 ■ [l,8]naphthyridm-2-yl)-propyl]-miidazolidin-l-yl}-propionic add, 

3(RH6-Ethoxypyridm-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]implithyridm-2<yl)-propyl]-iinidazolidiii-l-yl}-propionic add, 
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3-(6-Ethoxypyiidin-3-yl)-3-{2-ox(>-343-(5,6J,8-teti^ydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazoU(iin-l-^^^ add, 
trifluoroacetate salt, 

5 3(S>(4-Methoxyquinolm-7-yl)-3-{2-oxo-3-[3-(5,6J3-tet^ 

[l,8]naphtliyri(Kn-2-yl)-propyl]-inudazoUdin-l-yl}-propi acid, 
bis(tri£luoroacetate) salt, 

3(R)-(4-Methoxyqumolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydr^ 
10 Cl,8]naphthyridin-2-yl)-propyl]-imida2oHdin-l-yl}-propioni^ acid, 

3-(4-MethoxyquinoIin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrah 
[l,8]iiaphthyridin-2-yl)-propyl]-iinidazolidin- l-yl}-propiomc acid, 

15 3(S)-(6-Amino-pyridiii-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphthyridin-2-yI)-propyl]-imidazolidin- l-yl}-propionic add, 

3(RH6-Andno-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-teti:^y^^ 
[l,8]naphthyiidin-2-yl)-propyl]-iiiudazolidin-l-yl}-propionic add, 

20 

3-(6-Ainin()-pyridiii-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridia-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc add, 

3-(SH4-Methyl-3-oxo-3,4-dihydro-2H-benzo[l,4]oxazm-7.yl).3-{2-^^^ 
25 (5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]-iinidazoUdin-l-^^^ 
propionic add, 

3-(RM4-Methyl-3-oxo-3,4-dihydro-2H-beiizo[l,4]oxa2in-7-yl).3-{2-o^^^ 
(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2-yl)-pn)pyl]-imidazoHdin-l-^^^ 
30 propionic add, 

3-(4-Methyl-3-oxo-3,4-dihydro-2H-benzo[l,4]oxazin-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]-iiiuda2oUdin-l-^^^ 
propionic add, 

35 
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3(S)-(6-Methylainmo-pyridm-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[13]naphtliyridin-2-yl)-propyl]-iniidazolidin-l-yl}-propioiiic acid, 

3(RM6-Methylainmo-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
5 [l,8]naphthyridin-2-yl)-propyl]-imid[azolidin-l-yl}-propionic acid, 

3-(6-Methylaniino-pyridiii-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propionic acid, 

10 3(S)-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiapthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propionic add, 

3(R)-(2-Fluoro-bq)henyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-iinidazolidiii- l-yD-propionic acid, 

15 

3-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-iinidazolidin- l-yl)-propionic add, 

3(S)-(2-Oxo-2,3-dihydro-benzoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
20 [l,8]napthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(R)-(2-Oxo-2,3-dihydr()-benzoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahyclro- 
[l,8]napthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

25 3-(2-Oxo-2,3-dihydro-benzoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propiomc add, 

3(S)-(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-{5,6,7,8-teta:ahydro- 
[l,8]iiapthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propionic add, 

30 

3(R)-(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naptiiyiidin-2-yl)-propyl]-imidazolidin-l-yl)-propionic add, 

3-(4-Etho3gr-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
35 [l,8]iiapthyridin-2.yl)-propyl]-iimdazolidin-l-yl)-propionic add, 
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3(S)-(5-Ethoxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iiiddazoUdin-l-yl}-propioiuc acid, 

5 3(R)-(5-Ethoxy-pyridm-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphthyridin-2-yl)-propyl]-iimdazoUdin-l-yl}-propionic acid, 

3-(5-Ethoxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)-propyl]-iimda2oIidin-l-yl}-propionic acid, 

10 

3(S)-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)-propyl]-i]iiidazoIidin-l-yl}-propionic acid, 

3(R)-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
15 [l,8]iiaphthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propionic acid, 

3-(5-Hydroxy-pyridia-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetxahydro- 

[ l,8]naphthyridiii-2-yl)-propyl]-iinidazoIidin-l-yl}-propionic acid, 

20 2(S)-Benzenesulfonylamino-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]naphth3rridin-2-yl)-propyl]-iinidazoIidin-l-yl}-propionic acid, 

3(S)-{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2-yl)-propyl]- 
iiiiidazolidin-l-yl}-pent-4-enoic add, 

25 

3(R)-{2-Oxo-3-[3-(5,6,7,8-tetrahyd«)-[l,8]iiaphthyridin-2-yl)-propyl]- 
iiiiidazoKdin-l-yl}-pent-4-enoic add, 

3-{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]- 
30 iinidazolidin-l-yl)-peiit-4-enoic add, 

3(S)-(6-Ethoxy-pyridin-3-yl)-3-(3M3-[6-(4-methor7-benaylaimno^^^ 
yl]-propyl}-2-oxo-izDidazoIidin-l-yl)-propiomc add. 
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3(RM5-Ethoxy-pyridin-3-yl)-3-(3-{3-[6-(4-methoxy-beiizylai^ 
yl]-propyl}-2-oxo-iinidazolidin-l-yl)-propionic add, 

3-(5-Ethoxy-p3nidin-3-yl)-3-(3-{3-[6-(4-methoxy-ben2ylaimno)-p^ 
5 propyl}-2-oxo-iimdazolidin-l-yl)-propioiuc add, 

3-{3-[3-(6-Amino-pyridin-2-yl)-propyl]-2-oxo-iimd£izoHdin-l-^^^ 
ethoxy-pyridin-3-yl)-propionic add, 

10 3-{3-E3-(6-Amino-pyridin-2-yl)-propyl]-2-oxo-imidazoUdin-l-yl}.3(R^ 
ethoxy-pyridin-3-yl)-propiomc add, 

3-{3-[3-(6-Ainina-pyridin-2-yl)-propyl]-2-oxo-iinidazoUdin-l-yl}-3-(5 
ethoxy-pyridin-S-yD-propionic add, 

15 

3(S)-(2-Oxo-2,3-<iihydro-lH-4-oxa-l,5-diaza-rmpht^ 
(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2-yl)propyl]-iimdazoK^^ 
yDpropionic add, 

20 3(R)-(2-Oxo-2,3-dihydro-m-4-oxa-l,5-diaza-naphthalen-7-yl>3-{2-oxo-3-[^ 
(5,6,7,8-tetrahydro-[l,8]naphtliyridin-2-yl)propyl]-iimda2oUdin^ 
yDpropionic add, 

3-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-^ 
25 (5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iimdazoHdi^^ 
yDpropionic add, 

3(S)-(2,3-Dihydro-m-4-oxa-l,5-dia2a-imphthalen-7-yl)-3-{2-oxo-^ 
(5,6,7,84etrahydro-[l,8]naphth3nddin-2-yl)propyl]-iimdazoUdin-l- 
30 yDpropionic acid, 

3(R)-(2,3-Dihydro-lH-4-oxa-l,5-dia2a-naphthalen-7-yl)-3-(2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iimdazolidin-l- 
yDpropionic add, 

35 
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3^2,3-Dihydr(>-m-4-oxa-l,5-diaza-naphthalen.7-yl)"3-{2-oxo-3-[3-(5,6J,^ 

tetrahydro-[13]iiaphthyridin-2-yl)propyl]-imidazoKdm 

acid, 

5 3(S)-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-dia2a-]iaphthalen-7-yl>^ 
(5,6,7,8-tetrahydro-[l,8]naphthyridm-2-yl)propyl]-imida2oUdm 
yDpropionic add, 

3(R)-(3-Oxo-34-dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2 
10 (5,6J,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-imidazoK^^ 
yDpropionic add, 

3-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iinidazoUdin-l- 
15 yDpropionic add, 

3(S)-(3,4-Dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3.{2.oxo.3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iimdazolidin-l- 
yDpropionic add, 

20 

3(R)-(3,4.Dihydro.2H-l-oxa.4,5-dia2a-iiaphtlialen-7-yl)-3-{2-ox^ 
(5,6,7,8-tetrahydro-[13]naphthyridin-2-yl)propyl]-iniidazoKdin-l- 
yDpropionic add, 

25 3-(3,4-Dihydro-2H-l-oxa-4,5-diaza.naphthalen-7-yl>3-(2.oxo-3-[3-(5,6,7,^ 
tetrahydro-[l,8]naphthyridin-2-yl)propyl]-imidazoUdin-l-^^ 
add, 

3-(Furo[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 [l,8]naph11xyridin-2-yl)propyl]iimda2olidin-l-yDpropionic add, 

3(S)<Fiiro[2,3-b]pyridin-6-yl>3-{2-oxo-3-[3-(5,6,7,8-tetrahydro. 
[l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yDpropionic add. 
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3(R)-(Furo[2,3-b]pyridin-6-3d)-3-{2-oxo-3-[3-<5,6J,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl3iinidazolidin-l-yl}propiomc acid, 

3(SH2,3-Dihydroftu:oC2,3-b]pyridm-6-yl>3-{2-axo-3-[3-{5,6J,8-tetrahydr^ 
5 [l,8]naphthyridin-2-yl)propyl]iiiiidazolidin-l-yl}propioiuc acid, 

3(RM2,3-Dihydrofun>[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6J,8-tetxahydn)- 
[l,8]naphthyridia-2-yl)propyl]imidazolidiii-l-yl}propionic acid, 

10 3-(2,3-rH[hydro£b:o[2,3-b]pyridin-6-yl>3-{2-oxo-3-[3-(5,6J,8-tetrahyd^ 
[l,8]naphthyridia-2-yl)propyl]imidazolidin-l-yl}propiomc acid, 

3(S)-(Furo[3,2-blpyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8Inaphthyridin-2-yl)propyl]imidazolidiii-l-yl}prbpiomc acid, 

15 

3(R)-(Furo[3,2-b]pyridin-6-3i)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridiii-2-yl)propyl]iinidazolidin-l-yl}propionic acid, 

3-(Furo[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
20 [l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl}propionic acid, 

3(S)-(2,3-Dihydrofuro[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]inudazolidin-l-yl)propionic acid, 

25 3(RH2,3-Dihydro£uro[3,2-b]pyridin-6-yl>3-{2-oxo-3:[3-(5,6,7,8-tetrah 
[l,8]iiaphiJiyridin-2-yl)propyl]iimdazolidin-l-yl)propioiiic acid, 

3-(2,3-Dihydrofuro[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydr^ 
[l,8]iiaphthyridin-2-yl)propyl]imidazolidin-l-yl}propionic acid, 

30 

3(S)-(Benziimdazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]imphtixyridin-2-yl)propyl]iizudazoIidin-l-yl)propioiuc acid, 

3(R)-(B6nzirDidazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
35 [l,8]naphtliyridin-2-yl)propyl]imidazolidin-l-yl)propionic acid, 
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3.(Ben2imidazol-2-yl)-3-(2-oxo-3-[3-(6,6J,8-tetrahydro-[13]naphthyri<im- 

2- yl)propyl]iinidazolidin-l-yl)propionic add, 

5 3(S)-(lH-Imidazo[4,5-c]pyridin-2-yl).3-(2-oxo-3-[3-(5,6,7,8-t6trahydro- 
(l,8]naphthyridin-2-yl)propyl]-ixmdazolidiii-l-yl)propionic add, 

3(R)-(lH-Imidazo[4,5-c]pyridm-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphtiiyridin-2-yl)propyl]-iimdazolidin-l-yl)propionic add, 

10 

3- (m-Iimdazo[4,5-c]pyridin-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetxahydro- 
[l,8]naphthyridin-2-yl)pn)pyl]-iimdazolidin-l-yl)propionic add, 

3(S)-(Ben2»xazol-2.yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridm- 
15 2-yl)propyl]iinidazolidin-l-yl)propionic add, 

3(R)-(Benzoxa2ol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[1.8]naphthyridin- 

2- yl)propyl]iiiiidazo]idin-l-yl)propionic add, 

20 3-(Beiizoxazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]iiaphthyridin-2- 
yl)propyl]iinidazolidiii-l-yl)propiomc add, 

3(S)-(l-Methyl-lH-pyrazol-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetraliydro- 
[l,8]naphthyridin-2-yl)propyl]-imidazoIidin-l-yl)propioiuc add, 

25 

3(R)-(l-Metiiyl-lH-pyrazol-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)propyl]-iinidazoIidin-l-yl)propionic add, 

3- (l-Me&yl-m-pyrazol-4-yl)-3-(2-oxo-3^:3-(5,6,7,8-tetrahydro- 
30 , [l,8]naphthyridin-2-yI)propyl]-imidazoIidm-l-yl)propionic add, 

and the pharmaceutically acceptable salts thereof. 
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20. The compound of Claim 19 selected from the group 
consisting of 

3(S)-(2,3-Dihydro-ben2ofuran-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
5 [l,8]naphth3nidin-2-yl)-propyl]-imida2olidin-l-yl}-propionic acid, 

3(R)-(2,3-Dihydro-benzofm^-6-yl)-3-{2-oxo-3-[3-(5,6J,8-^ 
[l,8]naphthyridin-2-yl)-propyl]-kaidazolidin-l-yl}-propionic acid, 

10 3(S)-(3-Fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin- 
2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(R)-(3-Fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyri 
2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

15 

3(SHQuinolin-3-yI)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyrid^^ 
yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(R)-(Quinolin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyri^^ 
20 yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(S)-(Ethynyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl> 
propyl]-imidazolidin-l-yl}-propionic add, 

25 3(RHEthynyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-jd)- 
propyl]-imidazolidin-l-yl}-propionic add, 

3(S)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-teti^ydro-[l,8]napM^ 
yI)-propyl]-imidazolidin-l-yl}-propiomc add, 

30 , 

3(R)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthy^ 
yl)-propyl]-imidazolidin-l-yl}-propionic add. 
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3(S)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6J,8-tetl^yd^)^:l,8]Imphthyridin-2- 
yl)-propyl]-4-methyl-imidazolidin- l-yl}-propionic acid, 

3(RHPyridin-3-yl)-3-{2-oxo-3-[3-(5,6J,8-tetrahydro-[l,8]naphthyri 
5 yl)-propyl]-4-methyl-imida2olidm-l-yl}-propiomc add, 

3(S)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphth3nidin-2-yl)-propyl]-iimdazolidin-l-yl}-propiomc acid, 

10 3CR)-(6-Methoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 

[l,8]iiaphthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propiomc acid, 

3(S)-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iinidazolidin-l-yl)-propiomc add, 

15 

3(R)-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propioiuc add, 

3(SM4-MetJioxyquinoliii-7-3i)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
20 [l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 
bis(trifluoroacetate) salt, 

3(R)-(4-Methoxyquinolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphth3nridin-2-yl)-propyl]-iinida2olidin-l-yl}-propiomc add, 

25 

3(S)-(6-Aimno-pyridin-3-yl)-3-{2-oxo-3-[3-{5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl>-propyl]-iinidazolidiii-l-yl}-propionic add, 

3(R)-(6-Aimno-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 [l,8]naphthyridin-2-yl)-propylI-imidazolidin-l-yl}-propionic add, 

3-(SM4-Methyl-3-oxo-3,4-dihydro-2H-beiizo[l,4]oxazin-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]4iiiidazolidin-l-yl}. 
propionic add, 

35 
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3-(R)-(4-Methyl-3-oxo-3,4-dihydro-2H-benzo[l,4]oxazin-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydK)-[l,8]naphthyridin-2-yl)-propyl]-imidazoUdin-l-yl}- 
propionic acid, 

5 3(S)-(6-Meliylaimno-pyridm-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetTahydro- 
[13]naphthyridin-2-yl)-propyl]-umdazoUdin-l-yl)-propio add, 

3(R)-(6-Metiiylammo-pyridin-^-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-iimdazoUdin-l-yl)-propionic add, 

10 

3(S)-(2-Fluoro-biphenyl-4-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridm-2-yl)-propyI]-imidazolidm-l-yl}-propiomc add, 

3(R)-(2-Fluoro-biphenyl-4-yl).3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
15 [l,8]napthyridm-2-yl)-propyl]-inudazolidui-l-yl} -propionic add, 

3(S)-(2-Oxo-2,3-clihydro-benzoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]impthyridiii-2-yl)-propyl]-iinidazolidin-l-yl}-propiomc add, 

20 3(R)-(2-Oxo-2,3-dihydro-benzoxazol-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiapthyridin-2-yl)-propyl]-imidazQlidin-l-yl} -propionic add, 

3(S)-(4-Etho:Qr-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
(l,8]napthyridin-2-yl)-propyI]-iimdazolidin-l-yl}-propionic add, 

25 

3(R)-(4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(S)-(5-Ethoxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 [l,8]naphth3aidin-2-yl)-propyI]-imidazolidin-l-yl}-propionic add, 

3(R)-(5-Ethoxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[I,8]naphthyridin-2-yl)-propyl]-iinidazolidin-l-yl}-propioziic add. 
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3(SH5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]Mphth3rridin-2-yl)-propyl]-iinidazolidin- l-yl}-propionic add, 

3CR)-(5-Hydroxy-pyridin-3-yl)-3-{2-oxo-3-[3-(5,6J,8-tetrahydro- 
5 [l,8]naphthyridin-2-yl)-propyl]-iimda2olidin-l-yl}-propionic add, 

3(S>{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)-propyl]- 
iinidazolidin-l-yl}-pent-4-enoic add, 

10 3(R)-{2-Oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyiidin-2-yl)-propyll- 
imidazolidin-l-yl}-peiit-4-eiu3ic add, 

3(S)-(5-Ethoxy-pyridin-3-yl>3-(3-{3-[6-(4-methoxy.ben2ylanuno)-pyridm-2- 
yl]-propyl}-2-oxo-imidazoIidin-l-yl)-propionic add, 

15 

3(R)-(5-Etlioxy-pyridin-3-yl)-3-(3-{3-[6-(4-me1iioxjr-benzylamino)-pyri 
yl]-propyl}-2-oxo-iimdazolidm-l-yl)-propionic add, 

3-{3-[3-(6-Aimno-pyridin-2-yl)-propyl]-2-oxo-mudazoHdin-l-yl}-3(S)-(5- 
20 ethoxy-pyridin-3-yl)-propionic add, 

3-{3-[3-(6-Ammo-pyridm-2-yl)-propyl]-2-oxo-iimdazolidiii-l-yl}-3(R)-(5- 
ethoxy-pyridin-3-yl)-propiomc add, 

25 3(S)-(2-Ctaco-2,3^1ihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydr()-[l,8]naphthyridin-2-yl)propyl]-imidazolidm-l- 
yUpropionic add, 

3(R)-(2-Oxo-2,3-dihydro-lH-4-oxa-l,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
30 (5,6,7,8-tetrahydro-[l,8]naphthyridm-2-yl)propyl]-imidazolidin-l- 
yDpropionic add, 

3(S)-(2,3-Dihydro-lH-4-oxa-l,5-dia2a-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6,7,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iimdazolidin-l- 
35 yDpropionic add. 
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3(R)-(2,3-Dihydro-lH-4-oxa.l,5-diaza.naphthalen-7.yl)-3-{2.oxo-3-^ 
(5,6J,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-inud^ 
yl}propionic acid, 

5 

3(S)-(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-^^^ 
(5,6J,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-iinidazo^ 
yDpropionic acid> 

10 3(R>(3-Oxo-3,4-dihydro-2H-l-oxa-4,5-dia2a-iiaphthalen-7.yl>3-{2-oxo-3 
(5,6J3-tetrahydro-[l,8]iiaphthyridm-2-yl)propyI]-imida^^ 
yDpropionic add, 

3(S)-(3,4-Dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
15 (5,6J,8-tetrahydro-[l,8]naphthyridin-2-yl)propyl]-imidazolidin-l- 
yDpropionic acid, 

3(R)-(3,4-Dihydro-2H-l-oxa-4,5-diaza-naphthalen-7-yl)-3-{2-oxo-3-[3- 
(5,6J,8-tetrahydro-[l,8]iiaphthyridin-2-yl)propyl]-imidazolidm-l- 
20 yDpropionic acid, 

3(S)-(Furo[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]iimdazolidin-l-yl}propionic acid, 

25 3(R)-(Furo[2,3-b]pyridin-6-3i)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphthyridin-2-yl)propyl]iniidazolidin-l-3d}propionic acid, 

3(S)-(2,3-Dihydrofuro[2,3-b]pyridin'^-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetra^ 
[l,8]iiaphthyridin-2-yl)propyl]iniidazolidin-l-yl}propionic acid, 

30 

3(R)-(2,3-Dihydrofiiro[2,3-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-teti^ 
[l,8]naphthyxidin-2-yl)propyl]imidazoIidin-l-yl}propioiiic acid, 

3(S)-(Furo[3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro. 
35 Cl,8]iiaphthyridin-2-yl)propyl]imidazolidin-l-yl}propionic add. 
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3(R)-(Fuio[3,2-b]pyridm-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydbro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl)propionic acid, 

5 3(S)-(2,3-Dihydrofiut)[3,2-b]pyridin-6-yI)-3-{2-ox()-3-[3-(5,6J,8-tetrahyd^^ 
[l,8]Mphthyridin-2-yl)propyl]iinidazolidin-l-yl)propiomc add, 

3(R)-(2,3-DihydrofuTOC3,2-b]pyridin-6-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro 
[l,8]naphth3rridin-2-yl)propyl]imidazolidin-l-yl}propionic add, 

10 

3(S)-(Benzimidazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
(l,8]iiaphthyridin-2-yl)propyl]iiiiidazolidiii-l-yl)propiomc add, 

3(R)-(Benzimidazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
15 [l,8]iiaphthyridm-2-yl)propyl]iniidazolidin-l-yl)propionic add, 

3(S)-(lH-Imidazo[4,5-c]pyridin-2-yl).3-(2-ox()-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]-iimdazoUdin-l-yl)propionic add, 

20 3(RMlHJinidazo[4,5-c]pyridin-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro^ 
[l,8]naphthyridin-2-yl)propyl]-iimdazolidin-l-yl)propionic add, 

3(S)-(Beim)xazol-2-yl)-3K2-oxo-3.[3-(5,6,7,8-tetrahydro-[l,8]naphthyridm- 
2-yl)propyl]iinidazolidia-l-yl)propionic add, 

25 

3(R)-(Benzoxazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydrt)-[l,8]naphthyridin- 
2-yl)propyI]miidazoIidm- l-yl)propionic add, 

3(S)-(l-Methyl-lH-pyrazol-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
30 [l,8]iiaphthyridin-2-yl)propyl]-imidazolidin-l-yl)propionic add, 

3(R)-(l-Methyl-lH-pyrazol-4-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]-iinidazolidin-l-yl)propioiiic add, 



35 



and the pharmaceuticaUy acceptable salts thereof. 
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21. The compound of Claim 20 selected firom the group 
consisting of 

5 3(S)-(2,3-Dihydro-benzofuran-6-yl)-3-{2-oxo^-C3-(5,6J,8-tetrahydr^ 
[l,8]naphthyridin-2-yl^propyl]-imidazolidin-l-yl}-propionic acid, 

3(S)-(Quinolin-3-yl)-3-(2H)xo-3-[3-(5,6J,8-tetrahydro-[l,8]naphthyri^^ 
yl)-propyl]-iiiiidazolidin-l-yl}-propionic add, 

10 

3(S)-(Pyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro-[l,8]naphthyridi^^ 
yl)-propyl]-iniidazolidin-l-yl}-propionic add, 

3(S)-(6-MethoxypyTidin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
15 [l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 

3(S)-(6-Ethoxypyridin-3-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]iiaphth3nridin-2-yl)-propyl]-iniidazolidin- l-yl}-propionic add, 

20 3(S)-(4-Methoxyquinolin-7-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)-propyl]-imidazolidin-l-yl}-propionic add, 
bis(tiifiuoroacetate) salt, 

3(S)-(6-Methylamino-pyridin-^-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
25 [l,8]iiaphthyridin-2-yl)-propyl]-iimdazolidin-l-yl}-propionic add, 

3(SH4-Ethoxy-3-fluorophenyl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]napthyridin-2-yl)-propyl]-ijmdazoUdin-l-yl}-propiomc add, 

30 3(SHFuro[2,3-b]pyridin^-yl)-3-{2-oxo-3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl}propionic add, 

3(SHFuTO[3,2-b]pyridin-6-yl)-3-{2-oxO'3-[3-(5,6,7,8-tetrahydro- 
[l,8]naphthyridin-2-yl)propyl]imidazolidin-l-yl}propiomc add, 

35 
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3(S)-(Ben2imidazol-2-yl)-3-(2-oxo-3-[3-(5,6,7,8-tetrahydTO^ 
[l,8]naphthyridin-2-yl)propyl]imidazoUdm-l-yl)propiomc acid, 

3(S)^Benzoxazol-2-yl>3-(2-oxo-3-[3-(5,6J3-tetr^ydro-[13]naph^^ 
5 2-yl)propyl]iiDidazolidiii-l-yl)propioiiic add, 

and the pharmaceutically acceptable salts thereof. 

22. A pharmaceutical compositioii comprising a 

10 compound according to Claim 1 and a pharmaceutically acceptable 
carrier. 

23. ' A pharmaceutical composition made by combining a 
compound according to Claim 1 and a pharmaceutically acceptable 

15 carrier. 

24. A process for making a pharmaceutical composition 
comprising combining a compoimd according to Claim 1 and a 
pharmaceutically acceptable carrier. 



25. The composition of Claim 22 which further comprises 
an active ingredient selected fi^m the group consisting of 

a) an organic bisphosphonate or a pharmaceutically 
acceptable salt or ester thereof, 



20 



25 



b) 
c) 
d) 
e) 



an estrogen receptor modulator, 

a cytotoxic/antiproliferative agent, 

a matrix metalloproteinase inhibitor, 

an inhibitor of epidermal-derived, fibroblast-derived, or 

platelet-derived growth factors, 

an inhibitor of VEGF, 

an inhibitor of Flk-l/KDR, Plt-l, Tck/Tie-2, or Tie-l, 
a cathepsin K inhibitor, and 

a prenylation inhibitor, such as a famesyl transferase 
inhibitor or a geranylgeranyl transferase inhibitor or a dual 
famesyl/geranylgeranyl transferase inhibitor; 



30 



£) 

g) 
h) 

i) 



35 
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10 



and mixtures thereof. 

26. The composition of Claim 25 wherein said active 
ingredient is selected &om the group consisting of 

a) an organic bisphosphonate or a pharmaceutically 
acceptable salt or ester thereof, 

b) an estrogen receptor modulator, and 

c) a cathepsin K inhibitor; 
and mixtures thereof. 

27. The composition of Claim 26 wherein said organic 
bisphosphonate or pharmaceutically acceptable salt or ester thereof is 
alendronate monosodium trihydrate. 

15 28. The composition of Claim 25 wherein said active 

ingredient is selected firom the group consisting of 

a) a pjrtotoxLc/antiproliferative agent, 

b) a matrix metalloproteinase inhibitor, 

c) an inhibitor of epidermal-derived, fibroblast-derived, or 
20 platelet-derived growth factors, 

d) an inhibitor of VEGF, and 

e) an inhibitor of Flk-l/KDR, Flt-1, Tck/Tie-2, or Tie-1; 
and mixtures thereof. 

25 29. A method of eliciting an integrin receptor 

antagonizing effect in a mammal in need thereof, comprising 
administering to the mammal a therapeutically effective amount of a 
compoxmd according to Claim 1. 

30 30. The method of Claim 29 wherein the integrin receptor 

antagonizing effect is an avp3 antagonizing effect. 

31. The method of Claim 30 wherein the ocvP3 
antagonizing effect is selected firom the group consisting of inhibition of 
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bone resorption, restenosis, angiogenesis, diabetic retinopathy, macular 
degeneration, inflammation, viral disease, and tumor growth. 

32, The method of Claim 31 wherein the avp3 
5 antagoiuzing effect is the inhibition of bone resorption. 

33. The method of Claim 29 wherein the integrin receptor 
antagonizing effect is an avp5 antagonizing effect. 

10 34. The method of Claim 33 wherein the ov^S 

antagonizing effect is selected from the group consisting of inhibition of 
restenosis, angiogenesis, diabetic retinopathy, macular degeneration, 
inflammation, and tumor growth. 

15 35. The method of Claim 29 wherein the integrin receptor 

antagonizing effect is a dual ccvp3/avp5 antagonizing effect. 

36. The method of Claim 35 wherein the dual avp3/avp5 
antagonizing effect is selected from the group consisting of inhibition of 

20 bone resorption, restenosis, angiogenesis, diabetic retinopathy, macular 
degeneration, inflammation, viral disease, and tumor growth. 

37. The method of Claim 29 wherein the integrin 
antagonizing effect is an ocv^G antagonizing effect. 

25 

38. The method of Claim 37 wherein the avp6 
antagonizing effect is selected from the group consisting of 
angiogenesis, inflammatory response, and wound healing. 

30 39. A method of eliciting an integrin receptor 

antagonizing effect in a mammal in need thereof, comprising 
administering to the mammal a therapeutically effective amount of the 
composition of Claim 22. 
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40. A method of treating or preventiiig a condition 
mediated by antagonism of an integrin receptor in a mammal in need 
thereof, comprising administering to the mammal a therapeutically 
efifective amomit of the composition of Claim 22. 

5 

41. A method of inhibiting bone resorption in a maniTTifll 
in need thereof, comprising administering to the mammal a 
therapeutically effective amount of the composition of Claim 22. 

10 42. A method of inhibiting bone resorption in a mammal 

in need thereof, comprising administering to the mammal a 
therapeutically effective amount of the composition of Claim 26. 

43. A method of treating tumor growth in a TnnTmrinl in 
15 need thereof, comprising administering to the mammal a 

therapeutically effective amount of the composition of Claim 28. 

44. A method of treating timaor growth in a mammal in 
need thereof, comprising administering to the mammal a 

20 therapeutically effective amount of a compound according to Claim 1 in 
combination with radiation therapy. 
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